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Make inquiries regarding subscriptions, display advertising, 
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Publication Policy 


The AJR publishes original and timely contributions to the advance- 
ment of medical diagnosis and treatment with radiologic methods. 
Although content is predominantly clinical, laboratory investigations 
are accepted when their relevance to clinical practice is demonstrable. 
In prospective clinical investigations, authors should document that 
informed consent was obtained from patients. The material submitted 
must not have been previously published nor be currently submitted 
for publication elsewhere (prior publication of simple abstracts without 
illustrations or tables will not prejudice publication of the complete 
study). Papers dealing with neuroradiology should be addressed to: 
Editorial Office, American Journal of Neuroradiology, Dept. of Ra- 
diology, Massachusetts General Hospital, Boston, MA 02114; tele- 
phone: (617) 726-8342. At the discretion of the Editor of AJR, AJNR 
articles may be republished in AJA. 

Decisions on manuscripts are based on peer review. Reviewers 
receive manuscripts without title pages to protect the identity of 
authors and to ensure an unbiased review; names of reviewers, in 
turn. are not revealed to the authors. Accepted manuscripts are 
subject to editing. Statements within an article, including changes 
made by the Editor or copy editor, are the responsibility of the author 
and not AJR or its publisher. Authors will receive the edited manu- 
script, galley proof, and proofs of illustrations usually 6-8 weeks after 
acceptance. If the corresponding author will not be available, arrange- 
ments should be made for a coauthor or colleague to read and return 
the proof. 


Copyright Information 


In accordance with AJR implementation of the U.S. Copyright Law, 
authors must release first and subsidiary rights to their manuscript 
at submission (unless the-study was performed as part of their duties 
as an employee of a U.S. government agency). A dated letter with 
the signatures of all authors should state: “We, the authors, assign 
first and subsidiary rights to the American Roentgen Ray Society in 
the event that our manuscript [insert title] is published by AJR. We 
guarantee that this manuscript contains no matter libelous or other- 
wise unlawful or which invades individual privacy or which infringes 
any proprietary right. AJR, in turn, grants us the right of republication, 
subject only to crediting the original source of publication and receiv- 
ing written permission from the publisher. We understand we will 
receive no royalty or other compensation from AJR. We guarantee 
that this arle and illustrations have not been previously published 
elsewhere or, if previously published in part or in whole, that permis- 
siorPhas been obtained for republication. Copies of these permissions 


Guidelines for Authors 





are included and previously published text or illustrations have been 
identified in the manuscript.” (Delete the last sentence if it does not 
apply.) The covering letter also should state that the manuscript has 
been seen and approved by all the authors. 


Manuscript Form 


AJR complies with the Uniform Requirements for Manuscripts 
Submitted to Biomedical Journals (Ann Intern Med 1979;90:95-99). 
Manuscripts must be typed double-space throughout, including 
references, tables, and figure legends. Each table, the footnotes, and 
the figure legend section should begin on separate sheets; a separate 
title page should be provided. Send the origina! typescript, one copy, 
and two sets of illustrations (not photocopies). Authors’ names should 
be on the title page only so that author anonymity can be maintained 
during the review process. Permission to reprint previously published 
material should accompany the manuscript. 


Organization of Major Articles 
Title Page 


Titles should be brief yet precise, accurately conveying the content 
of the paper. Limit authors to those who mace substantial contribu- 
tions to the work. Include an address for each author, and ZIP or 
postal code; acknowledgment of grant or other financial support 
when appropriate; name of meeting, location. and date if the paper 
was presented; a running head (shortened title); and the name, 
address, and telephone number of the author to whom correspond- 
ence and requests for reprints should be addressed. 


Abstract 


A description of the purpose, methods, results, and conclusions of 
the study is required. The factual highlights of each section should 
be recapitulated. 


Introduction 


Clearly state the purpose of the investigation, including necessary 
background facts that indicate its current relevance. 


Materials [or Subjects] and Methods 


Describe the research plan, the materials or subjects, and the 
methods, in that order. Proof of disease and control of subjectivity in 
observations should be detailed. Metric measurements should be 
used throughout. Put measurements in the International System of 
Units (SI) in parentheses when appropriate; for example, 400 rad (4 
Gy). 


Results 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 


Case Reports 


Individual cases can be described if there are only a few; one or 
more cases from a large series can be described individually as 
Representative Case Reports. Each report should concentrate on 
the radiologic information and its usefulness 


Discussion 


Offer appropriate limitations about the research plan, materials or 
subjects, and methods to give perspective to their adequacy for the 
purpose of the study. Interpret the results to lend meaning and 
importance to the observations. Hypotheses and speculation based 


n the results are encouraged. When results differ from those of 

~revious investigations, an attempt should be made to explain the 

“Wliscrepancy. Conclude with a rief statement regarding clinical sig- 
ificance. 


Acknowledgments 


Acknowledge oniy persons who have made substantive contribu- 
Mšons to the study. Mention graat support on the title page. 


~ References 


References shouid be offerec to document major assertions of fact 
nd any apposing 2vidence and concepts. Discretion in number is 
equested. Refererces should be cited in the text by number (e.g., 

"3, 4]). The refererce list should be arranged in the numeric order 
WWenat references are cited in the text and typed double-spaced 
hroughoat. References cited frst or only in tables or figure legends 
should be numbered by the sequence in which the table or figure is 
irst identified in the text. Data for each reference should be arranged 
according to the style adopted by the U.S. National Library of Medi- 
sine and used in /ndex Medicus. Accuracy of reference data is the 
sponsibility of the author. P-ovide all authors’ (or editors’) names 

a fewer than seven; when seven or more, list the first three and 
d et al. Provide nclusive page numbers; if an article is only one 

» age, please indicate. Abbreviations for titles of medical periodicals 

ould comform to those published in index Medicus. Articles that 

pear in both AJR and AJNR should be a single reference that cites 
th journals (example 3). Examples: 

— 4. Kirks DR, Fram EK, Vock P, Effmann EL. Tracheal compres- 
sion by mediastinal masses in children: CT evaluation. AJR 
1983;141:647-651 
Khansur T, Yam LT, Tavassoli M. Serum monitors of bone metas- 
asis. In: Stoll Ba, Parbnoo_5, eds. Bone metastases: monitoring 
and treatment. New York: Raven, 1983:165-180 
Sage MR. Review. Kinetics of water-soluble contrast media in 
the central nervous system AJNR 1983;4:897-906, AJR 1983; 
141:815-824 

Jnpublished data aad personal communications should not be num- 
ered references bët should be put in parentheses in the text (e.g., 
smith JD, personal communica:ion). 


Mew ables 


Tables snould be concise and organized to show trends, not merely 
"compilations of raw data. (The Editor may request that tables of 
—ackup data too extensive to be published be deposited with the 
MANational Auxiliary Publications Service or made available by the 
author.) Include oniy data pertinent to the subject. Long itemized 
case histories are better presented in the text as case reports or 
summaries. Do not repeat in tebular form material presented in the 
"text. Tables shoulc have titles and headings, but no vertical or 
MBhorizontal rules. 









_Jilustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 

figure to correspond with the ‘igure legends and indicate the top. 





A3 


Avoid writing directly on the back of the print. Special permission for 


publication of facial photographs of patients or or previous ^ub- 
lished pictures is required. Line illustrations or graphs mustb _ fes- 
sionally drawn in black ink on white background, please s pho- 
tographic prints (not photocopies), not originals, *0 avoid © «age in 
handling. Color illustrations will be used at the discretion’  +Editor; 
send color prints. Firm estimates of cost will be sent te uthor(s) 
for approval before publication. Identical anatomic stru , in color 
prints should be the same size to facilitate reproduc id reduce 


cost. 
we 

Legends 

Figure legends should carry a title identifying tne ssage of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possib for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8]). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of mecical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to “wo journal pages. 
The introduction should be one short paragraph that cives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on tne radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
lf the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document “he case findings, 
probably not more than four pictures, each a cdlumn wide or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 


Other Contributions 
Technical Notes 


Brief descriptions of new techniques or significent modifications of 
older ones that are directly applicable to the clinical practice will be 
accepted if review is favorable. Technical notes do not carry abstracts 
or acknowledgments. 


Letters to the Editor 


Letters are subject to editing and condensatior.. Criticism of pub- 
lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 


Roomiight film handling. 
Light makes it efficient. Kodak makes it reliab 


Kodak Company. 1985 





An ordinary light bu'b, bright and unfiltered, does 
wanders for the film--handling efficiency when you 
combine it with a reliable Kodak roomlight film- 
handling system. There are two Kodak systems now: 
centralizec and dispersed. One or the other, or some of 
each, can ncrease efficiency in any radiology depart- 
ment, whatever the layout. 
Kedaflex products. 
A flexible, dispersed roomlight system, with versions for 
ath radicgraphic and video imaging. So flexible it’s 
equally ideal for the main radiology facility or in satellites 
and emergency roams. And so reliable, you'll know it’s 
fram Kodek. Part of a larger system that includes your 
favorite Kodak films screens, and processors. 





Kodak multiloader Il. 
Centralized roomlight equipment that expands your 
department’ capacity without expanding its size. The 
Kodak multiloader II for Kodak X-Omatic cassettes unloads 
the film, sends it to a Kodak X-Omat processor, reloads the 
cassette, and returns it—all in about 15 seconds 

The multiloader Il fits into almost any existing layout 
and, best of all, lets you take advantage of the excellent 
screen/film contact of your own Kodak X-Omatic cassettes, 
with no need to invest in new cassettes. Talk toyour Kodak 
representative, or write Eastman Kodak Company, Depart- 
ment 412-LRI, 343 State St, Rochester, NY 14650 


Can vou afford anvthina less? 
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Squibb Diagnostics 

has improved contrast media 
where the need for 
improvement was greatest. 


Patient tolerance. @ SQUIBB’ 








Squibb Diagnostics introduces 


ISOMGE >00 


lopamidol injection ói% 


Nonionic contrast media that causes less 
pain than a leading ionic agent. 


With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


Isovue-30) is low in osmolality— 616 mOsm/kg water. 
Using.a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “he worst pain | ever had:’ On a linear scale 
from zero `o 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cn compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and dietrizoate sodium 52%/8%. 
By observing signs of distress, such as movement 
and/or vocalization, physidGans ranked patient distress 
as being absent, mild, moderate, or severe. When 
lsovue was compared with diatrizoate meglumine and 
diatrizoate sodium 52%/8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 







pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively. 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 
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iopamidol injection 


Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 
aortography; intravenous CECT 
head and body imaging. 


SQUIBB’ 
Diagnostics 

For brief summary of prescribing information, 

see last pages of this advertisement. 
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ti ON 6l% 


dol injec 


jopami 





Nonionic contrast media that present a 

different picture: fewer headaches, and less 

nausea and vomiting than with metrizamide 
*when compared in a multicenter study 


lsovue-M 200 (iopamidol injection 41%) and musculoskeletal pain. The incidence of each of these 
lsovue-M 300 (iopamidol injection 61%) are low in reactions was lower with Isovue than with metriza- 
osmolality — 413 and 616 mOsm/kg water, respectively. mide, except for musculoskeletal pain, where the 

In randomized, double-blind trials, involving 304 incidence was similar for the two agents. 
patients requiring lumbar, thoracic, cervical, or total 
columnar myelography or CT cisternography, adverse As with all injectable contrast agents, the possi- 


reactions occurred in 54 of 158 patients (34%) receiving _ bility of severe reactions should be borne in mind. 
lsovue-M 208 or Isovue-M 300 and in 82 of 146 patients (See brief summary of prescribing information on the 
(56%) receiving metrizamide 200 or 300 mgI/ml. last pages of this advertisement for a discussion of 

Adverse reactions most commonly reported with CONTRAINDICATIONS, WARNINGS, PRECAU- 
both media were headache, rausea, vomiting, and TIONS, and ADVERSE REACTIONS.) 


ISOWGE™. 
> lopamidol injection 


No reconstitution required. Nonionic. Low in osmolality. 
Also for CECT cisternography and ventriculography. Available as 
ISOVUE‘-300 (iopamidol injection 61%) for cerebral arteriography 
and intravenous CECT head and body imaging. 


SQUIBB’ 
Diagnostics 

For brief summary of prescribing information, 

see last pages of this advertisement. 





New for coronary arteriography 
and left ventriculography 


Squibb 
Diagnostics ISOWGZE:370 


Introduces 


nonionic lopamido! Injection 16% 





With Isovue, angiocardiography was 
remarkably well tolerated 


Adverse reactions following the use of Isovue-370 are 
usually mild to moderate, self-limited, and transient. In S77 
patients undergoing angiocardiography, adverse reactions 
with an estimated incidence of one percent or higher were: 
hot flashes 3.4%, angina pectoris 3.0%, flushing 1.8%, brady- 
cardia 1.3%, hypotension 1.0%, hives 1.0%. 

Isovue-370 is low in osmolality — 796 mOsm/kg water. 
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With Isovue, the technical quality of films 
was excellent 


Under double-blind conditions, radiologists rated the quality 
of opacification as superior, adequate, faint, or none. For 
both Isovue and the ionic comparison drug, overall diagnos- 
tic quality of films was rated adequate or superior in 

97% of cases. 

As with all injectable contrast agents, the possibility of 
severe reactions should be borne in mind. (See brief sum- 
mary of prescribing information on the last pages of this 
advertisement for a discussion of CONTRAINDICATIONS, 
WARNINGS, PRECAUTIONS, and ADVERSE REACTIONS.) 
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lopamidol injectio 
Nonionic. Low in osmolality. 
Also for selective visceral arteriography 


and aortography, and intravenous 
CECT head and body imaging. 











(ii) SQUIBB" 


Diagnostics 


For brief summary of prescribing information, 
see last pages of this advertisement. 


ISOVUE *-300 

lopamidol Injection 61% 

ISOVUE"-370 

lopamidol Injection 76% 

ISOVUE-M* 200 

lopamidol Injection 41% 

ISOVUE-M* 300 

lopamidol Injection 61% 

DESCRIPTION—ISOVUE and ISOVUE-M (iopamidol injection) are nonionic ra- 
diopaque contrast media for diagnostic use. The formulations are stable, aque- 
ous, Sterile, and nonpyrogenic solutions for intravascular and intrathecal 
administration, respectively. Each mL of ISOVUE-300 (iopamidol injection 61%) 
provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate cal- 
cium disodium. The solution contains approximately 0.037 mg (0.002 mEq) 
sodium and 300 mg organically bound iodine per mL. Each mL of |SOVUE-370 
(iopamidol injection 76%) provides 755 mg iopamidol with 1 mg tromethamine 
and 0.48 mg edetate calcium disodium. The solution contains approximately 
0.046 mg (0.002 mEq) sodium and 370 mg organically bound iodine per mL. 
Each mL of ISOVUE-M 200 (iopamidol injection 41%) provides 408 mg iopamidol 
with 1 mg tromethamine and 0.26 mg edetate calcium disodium. The solution 
contains approximately 0.025 mg (0.001 mEq) sodium and 200 mg organically 
bound iodine per mL. Each mL of ISOVUE-M 300 (iopamidol injection 61%) 
provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate cal- 
cium disodium. The solution contains approximately 0.037 mg (0.002 mEq) 
sodium and 300 mg organically bound iodine per mL. The pH of each solution 
has been adjusted to 6.5 to 7.5 with hydrochloric acid. 

CONTRAINDICATIONS: ISOVUE (iopamidol injection)—None. 

ISOVUE-M (iopamidol injection) —Intrathecal administration of corticosteroids 
with iopamidol is contraindicated. Because of overdosage considerations, im- 
mediate repeat myelography in the event of technical failure is contraindicated 
(see interval recommendation under DOSAGE AND ADMINISTRATION in the 
product package insert). Myelography should not be performed in the pres- 
ence of significant local or systemic infection where bacteremia is likely. 
WARNINGS: ISOVUE (iopamidol injection)—Use caution in patients with se- 
verely impaired renal function, combined renal and hepatic disease, or anuria, 
particularly when larger doses are administered. Radiopaque diagnostic con- 
trast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly in those with therapeutically resistant anuria. It 
has been speculated that the combination of the contrast agent and dehydra- 
tion may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media 
may promote sickling in individuals who are homozygous for sickle cell disease 
when injected intravenously or intraarterially. Administration to patients known 
or suspected of having pheochromocytoma should be performed with extreme 
caution. If the possible benefits outweigh the considered risks, the procedures 
may be performed; however, the amount of the medium injected should be kept 
to an absolute minimum. Assess blood pressure throughout the procedure and 
measures for treatment of a hypertensive crisis should be available. Monitor 
such patients very closely. Use caution in patients with hyperthyroidism or with 
an autonomously functioning thyroid nodule because of risk of thyroid storm. 
ISOVUE-M (iopamidol injection)—Carefully evaluate the need for myelographic 
examination. Administer with caution in patients with increased intracranial pres- 
sure or suspicion of intracranial tumor, abscess or hematoma, those with a 
history of convulsive disorder, severe cardiovascular disease, chronic alcohol- 
ism, or multiple sclerosis, and elderly patients. Particular attention must be given 
to state of hydration, concentration of medium, dose, and technique used in 
these patients. If frankly bloody cerebrospinal fluid is observed, the possible 
benefits of the examination should be considered in terms of risk to the patient. 
Patients on anticonvulsant medication should be maintained on this therapy. Di- 
rect intracisternal or ventricular administration for standard radiography (with- 
out computerized tomographic enhancement) is not recommended. Inadvertent 
intracranial entry of a large or concentrated bolus of agent, which increases the 
risk Of neurotoxicity, can be prevented by careful patient management. Avoid 
rapid dispersion of the medium causing inadvertent rise to intracranial levels. if 
such entry of the medium occurs, prophylactic anticonvulsant treatment with 
diazepam or barbiturates orally for 24 to 48 hours should be considered. Use of 
medications that may lower the seizure threshold should be carefully evaluated. 
While the contributory role of such medications has not been established, these 
agents are often discontinued at least 48 hours before and for at least 24 hours 
following intrathecal use. Motor seizures have been reported after intrathecal 
use, however higher than recommended doses were employed. Therefore avoid: 
deviations from recommended neuroradiologic procedure or patient manage- 
ment; use in patients with a history of epilepsy; overdosage; intracranial entry of 
a bolus or premature diffusion of a high concentration of the medium: failure to 
maintain head elevation during procedure, on stretcher, and in bed: excessive 
and active patient movement or staining. 


PRECAUTIONS: General—Diagnostic procedures should be carried out under 
the direction of personnel with the prerequisite training and a thorough knowl- 
edge of the particular procedure to be performed. Appropriate facilities should 
be available for coping with any complications for emergency treatment of se- 
vere reaction to the agent itself. After parenteral administration, competent per- 
sonnel and emergency facilities should be available for at least 30 to 60 minutes 
since severe delayed reactions may occur. Preparatory dehydration is danger- 
ous and may contribute to acute renal failure in susceptible patients. Patients 
should be well hydrated prior to and following administration. Reactions to the 
medium, incl@ing serious, life-threatening, fatal, anaphylactoid or cardiovas- 
cular reactions, should always be considered (see ADVERSE REACTIONS in 
the product package insert). Patients at increased risk include those with a 
history of a previous reaction to a contrast medium, a known sensitivity to iodine 


per se, and those with a known clinical hypersensitivity (bronchial asthma, hay 
fever, and food allergies). Pretesting cannot be relied upon to predict severe 
reactions and may itself be hazardous for the patient. A thorough medical his- 
tory with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. 
Premedication with antihistamines or corticosteroids to avoid or minimize pos- 
sible allergic reactions in such patients should be considered (see CONTRA- 
INDICATIONS). If nondisposable equipment is used, scrupulous Care should be 
taken to prevent residual contamination. 
ISOVUE (iopamidol injection)—General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reac- 
tions has been reported in anesthetized patients, which may be attributable to 
the inability of the patient to identify untoward symptoms, or to the hypotensive 
effect of anesthesia which can reduce cardiac output and increase the duration 
of exposure to the agent. Even though the osmolality is low compared to 
diatrizoate or iothalamate based ionic agents of comparable iodine concentra- 
tion, the potential transitory increase in the circulatory asmotic load in patients 
with congestive heart failure requires caution during injection. Observe these 
patients for several hours following the procedure. In angiographic procedures, 
be aware of the possibility of dislodging plaques or damaging or perforating the 
vessel wall during catheter manipulations and contrast medium injection. Test 
injections to ensure proper catheter placement are suggested. Perform selec- 
tive coronary arteriography only in those in whom the expected benefits out- 
weigh the procedural risk. The inherent risks of angiocardiography in patients 
with chronic pulmonary emphysema must be weighed against the necessity for 
performing this procedure. Angiography should be avoided whenever possible 
in patients with homocystinuria, because of the risk of inducing thrombosis and 
embolism. 
Drug Interactions: General—Other drugs should not be admixed with iopamidol 
(see CONTRAINDICATIONS, and DOSAGE AND ADMINISTRATION, Drug 
Incompatibilities). 
ISOVUE (iopamidol injection)—Renal toxicity has been reported in a few pa- 
tients with liver dysfunction who were given oral chotecystographic agents 
followed by intravascular contrast agents. Administratiorsof intravascular agents 
should therefore be postponed in any patient with a known or suspected he- 
patic or biliary disorder who has recently received a cholecystographic con- 
trast agent. 
Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies 
will not accurately reflect thyroid function for up to 16 days following administra- 
tion, however T3 resin uptake and total or free thyroxime (T4) assays are not 
affected. 
Carcinogenesis, Mutagenesis, Impairment of Fertility—in animal reproduction 
studies performed on rats, intravenously administered iopamidol did not in- 
duce adverse effects on fertility or general reproductive performance. In stud- 
ies to determine mutagenic activity, iopamidol did not cause any increase in 
mutation rates. 
Pregnancy Category B—No teratogenic effects attributable to iopamidol have 
been observed in teratology studies performed in animals. There are, however, 
no adequate and well controlled studies in pregnant women. It is not known 
whether iopamidol crosses the placental barrier or reaches fetal tissues. Be- 
Cause animal studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. Radiologic proce- 
dures involve a certain risk related to the exposure of the fetus to ionizing 
radiation. 
Labor and Delivery: ISOVUE (iopamidol injection)—It is not known whether 
use during labor or delivery has immediate or delayed adverse effects on the 
labor, the delivery or the newborn. 
Nursing Mothers—It is not known whether iopamidol is excreted in human milk. 
Use caution when contrast media are administered to nursing women because 
of potential adverse reactions; consideration should be given to temporarily 
discontinuing nursing. 
Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: ISOVUE (iopamidol injection) —Usually mild to moder- 
ate, self-limited and transient. In angiocardiography (597 patients), the adverse 
reactions with an estimated incidence of one percent orhigher are: hot flashes 
3.4%; angina pectoris 3.0%; flushing 1.8%; bradycardia 1 3%; hypotension 1.0%: 
hives 1.0%. Intravascular injection is frequently associated with the sensation of 
warmth and pain, especially in peripheral arteriography; pain and warmth are 
less frequent and less severe with ISOVUE than with diatrizoate meglumine and 
diatrizoate sodium injection. The following table of incidence of reactions is 
based on clinical studies with ISOVUE in about 1760 patients: 
Adverse Reactions 

Estimated Overall Incidence 

System 1% <1% 


Cardiovascular none 





tachycardia 

hypotension 
hypertension 

myocardial ischemia 
circulatory collapse 

S-T segment depression 
bigeminy 

extrasystoles 

ventricular fibrillation 
angina pectoris 
bracycardia 

transient ischemic attack 
thrombophlebitis 


Adverse Reactions (c ontinued from previous page) 
Estimated Overall Incidence 
System >1% <1% 


Nervous pain (2 2%) vasovagal reaction 
burninc sensation tingling in arms 
(1.4%) grimace 
faintness 


nauseé (1.2%) vomiting 

anorexia 

throat constriction 
dyspnea 
pulmonary edema 
Skin and Appendages none rash 

urticaria 

pruritus 

flushing 


hot flashes headache 

(1.5%) fever 
chills 
excessive sweating 
back spasm 


taste alterations 
warmth in throat/ 
arms/chest 
nasal congestion 
visual disturbances 


Urogenital none urinary retention 


Regardless of the agent emplored, overall estimated incidence of serious 
adverse reactions is higher with ccronary arteriography than with other proce- 
dures. Cardiac decompensation, serious arrhythmias, or myocardial ischemia 
or infarction may occur during corenary arteriography and left ventriculography. 
Following coronary and ventricular injections, certain electrocardiographic 
changes (increased QTc, increesed R-R, T-wave amplitude) and certain 
hemodynamic changes (decreased systolic pressure) occurred less frequently 
with ISOVLE (iopamidol injection) than with diatrizoate meglumine and diatrizoate 
sodium injection; increased LVED® occurred less frequently after ventricular 
iopamidol injections. In aortography, the risks of procedures also include injury 
to the aorta and neighboring orgars, pleural puncture, renal damage including 
infarction and acute tubular necrosis with oliguria and anuria, accidental selec- 
tive filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the 
translumber approach, and spinal cord injury and pathology associated with 
the syndrome of transverse myelits. Adverse effects reported in literature in- 
clude arrhythmia, arterial spasms, hematuria, periorbital edema, involuntary 
leg movement, malaise, and triggering of deglutition; some of these may be 
procedural. Other reactions due tc procedural hazards include hemorrhage or 
pseudoaneurysms at the puncture site, brachial plexus palsy following axillary 
artery injections, chest pain, myo cardial infarction, and transient changes in 
hepatorenal chemistry tests; and rarely arterial thrombosis, displacement of 
arterial plaques, venous thrombosis, dissection of the coronary vessels and 
transient sinus arrest. 


ISOVUE-M (iopamidol injection)—The most frequently reported following 
intratheca\.administration are headache, nausea, vomiting, usually mild to mod- 
erate, and musculoskeletal pain. These usually occur 1 to 10 hours after injec- 
tion, almost all occurring and endirg within 24 hours. Backache, neck stiffness, 
numbness.and paresthesias, leg or sciatic-type pain occurred less frequently. 
Transient alterations in vital signs may occur and should be assessed on an 
individual basis. The following tabl2 of incidence of reactions is based on clini- 
cal studies with ISOVUE-M in about 615 patients: 


Digestive 


Respiratory none 


Body as a Whole 


Special Senses none 





Adverse Reactions 
Estimated Overall Incidence 

System 1% <1% 
Body as a Whole headache (18.1%) pyrexia 

muscle weakness 

hot flashes 

malaise 

fatigue 

weakness 
Digestive nausea (7.3%) diarrhea 

vomiting (3.7%) heartburn 

Musculoskeletal back pain (2.3%) leg cramps 


leg pair (1.4%) sciatica 

neck pain (1.1%) cervicobrachial 
irritation 

meningeal irritation 

radicular irritation, 
lumbosacral 

other musculoskeletal 

pain 

involuntary movement 

burning sensation 

tachycardia 

hypertension 

chest pain 


Cardiovascular hypotension (1.1%) 


(continued on next column) 


emotional stress 
dizziness 
paresthesia 
confusion 
hallucinations 
lightheadedness 
syncope 
numbness 

cold extremities 


Urogenital none urinary retention 
Respiratory none dyspnea 

Skin and Appendages none rash 
Miscellaneous none injection site pain 


Other adverse effects reported in literature include major motor seizures, 
facial neuralgia, tinnitus, and sweating. Transitory EEG changes occur and usu- 
ally take the form of slow wave activity. The following adverse reactions may 
occur because they have been reported with other nonionic contrast agents: 
cardiovascular (arrhythmias); aseptic meningitis syndrome; allergy or idiosyn- 
crasy (chills, pruritus, nasal congestion, Guillain-Barre syndrome); CNS irrita- 
tion (psycho-organic syndrome: mild and transitory perceptual aberrations such 
as depersonalization, anxiety, depression, hyperesthesia, disturbances in 
speech, sight, or hearing, and disorientation; in addition, hyperreflexia or 
areflexia, hypertonia or flaccidity, restlessness, tremor, echoacousia, echolalia, 
asterixis or dysphasia have occurred). Profound mental disturbances have rarely 
been reported (various forms and degrees of aphasia, mental confusion or 
disorientation); the onset is usually 8 to 10 hours and lasts for about 24 hours 
without aftereffects. However, occasionally they have deen manifest as appre- 
hension, agitation, or progressive withdrawal to the point of stupor, rarely ac- 
companied by transitory hearing loss or other auditory symptoms and visual 
disturbances. Also reported: persistent cortical loss of vision in association 
with convulsions, and ventricular block, transitory weaxness in the leg or ocular 
muscles, peripheral neuropathies, including sensory and/or motor ornerve root 
disturbances, myelitis, persistent leg muscle pain or weakness, or sixth nerve 
palsy, or cauda equina syndrome, muscle cramps, fasciculation or myoclonia, 
spinal convulsion, or spasticity. 


General Adverse Reactions To Contrast Media—Reactions known to occur 
(mostly mild—moderate in degree) with parenteral administration of iodinated 
ionic contrast agents (see the listing below) are possible with any nonionic 
agent. Life-threatening reactions and fatalities, mostly of cardiovascular origin, 
have occurred. Reported incidences of death from administration of other 
iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 in 10,000 
patients (0.01%). Foreign experience in approximately 2.4 million patients re- 
ceiving iopamidol suggest a lower risk of mortality. Most deaths occur during 
injection or 5 to 10 minutes later, the main feature being cardiac arrest with 
cardiovascular disease as the main aggravating factor with isolated reports of 
hypotensive collapse and shock (est. 0.005%). Experience with iopamidol sug- 
gests less discomfort (e.g., pain and/or warmth) with peripheral arteriography. 
Fever changes are noted in ventricular function after ventriculography and cor- 
onary arteriography. During intrathecal use, there is a lower incidence of 
electroencephalographic changes as well as neurotoxicity by virtue of the in- 
trinsic properties of the iopamidol molecule. The reported incidence of adverse 
reactions to contrast media in patients with a history of allergy is twice that for 
the general population; patients with a history of previous reactions to a con- 
trast medium are three times more susceptible. Although most reactions to 
intravascular contrast agents appear within 1-3 minutes after start of njection, 
delayed reactions may occur (see PRECAUTIONS, General). Adverse reactions 
reported with other intravascular contrast agents and therefore theoretically 
possible with iopamidol include: Cardiovascular: vasodilation, cerebral hema- 
tomas, petechiae, hemodynamic disturbances, sinus bradycardia, transient 
electrocardiographic abnormalities, ventricular fibrillation; Nervous. paresthe- 
sia, dizziness, convulsions, paralysis, coma; Digestive: nausea, vomiting, se- 
vere unilateral or bilateral swelling of the parotid and subparotic glands; 
Respiratory: increased cough, asthma, laryngeal edema, pulmonary edema, 
bronchospasm, rhinitis; Skin and Appendages: injection site pain usually due to 
extravasation and/or erythematous swelling, skin necrosis, urticaria; Urogeni- 
tal: osmotic nephrosis of proximal tubular cells, renal failure, pain; Special 
Senses: bilateral ocular irritation; lacrimation; conjunctival chemosis, infection, 
and conjunctivitis, perversion of taste; Other: neutropenia, thrombophlebitis, 
flushing, pallor, weakness, severe retching and choking, wheezing, cramps, 
tremors, and sneezing. 


OVERDOSAGE-— Treatment is directed toward the support of all vital functions, 
and prompt institution of symptomatic therapy. In myelography, even use of a 
recommended dose can produce mental aberrations tantamount to overdosage, 
if incorrect management of the patient during or immediately following the pro- 
cedure permits inadvertent early intracranial entry of a large portion of the me- 
dium. Treatment is directed toward the support of all vital functions, and prompt 
institution of symptomatic therapy. 

HOW SUPPLIED—ISOVUE-300 (iopamidol injection 61%) and ISOVUE-370 
(iopamidol injection 76%) are available in cartons of ten single dose vials, and ten 
100 mL single dose vials. ISOVUE-370 is also available in cartons of ten 200 mL 
single dose vials. ISOVUE-M 200 (iopamidol injection 41%) and ISOVUE-M 300 
(iopamidol injection 61%) are available in cartons of ten 20 mL single dose vials. 


For full prescribing information consult package insert. (J3-652B/653B) 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


Nervous none 
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Officers 


President: Eugene Gedgaudas 
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1st Vice-president: Lee F. Rogers 

2d Vice-president: Thomas C. Beneventano 
Secretary: Raymond A. Gagliardi 
Treasurer: Ronald G. Evens 


Executive Council: E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
T. C. Beneventano, R. A. Gagliardi, R. G. Evens, M. M. Figley, 
R. N. Berk, F. L. Angell, J. E. Madewell, M. P. Capp, G. W. 
Hartman, B. G. Brogdon, G. A. Kling, H. C. Carlson, A. K. 
Poznanski, A. E. James, Jr., J. A. Kirkpatrick, Jr., R. H. 
Troupin, S. S. Siegelman, chairman 


Committees 1985-1986 
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N. C. Whitley, S. Hilton, A. J. Davidson, J. M. Taveras, M. M. Figley, 
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Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L. F. 
Rogers 


American College of Radiology: J. L. Gwinn, G. A. Kling, G. W. 
Hartman, J. M. Dennis, E. J. Ferris 


American Medical Association House of Delegates: S. F. Ochsner, 
K. C. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Measurements: 
E. L. Saenger, H. L. Friedell 


Meetings, Membership, Business 
Information 


Annual Meetings: April 13-18, 1986, Sheraton Washington 
(DC); April 26-May 2, 1987, Fontainebleau-Hilton, Miami 
Beach; May 1-6, 1988, Westin Bonaventure, Los Angeles 


Director Annual Meeting: George A. Kling, Harper Hospital, Detroit, 
MI 48201 


ARRS Membership: Stanley S. Siegelman, Dept. of Radiology and 
Radiological Science, Johns Hopkins Hospital, 601 N. Broadway, 
Baltimore, MD 21205. The ARRS has two membership categories: 
active and in-training. For active membership, applicants must prac- 
tice radiology in the U.S. or Canada. Each must have graduated in 
good standing from an approved medical school or hold an advanced 
degree in a physical, chemical, or biological science and be certified 
by the American Board of Radiology, the Royal College of Physicians 
and Surgeons of Canada, or otherwise adequately document training 
and credentials. A member-in-training must be in a radiology resi- 
dency, a postresidency fellowship program, or a postgraduate stu- 
dent in an allied science. Status must be verified by the program 
director. For consideration during the 1986 ARRS meeting, completed 
applications must be received by Dr. Siegelman no later than Feb. 1, 
1986. 


Business Office: George J. O'Hop, controller, American College of 
Radiology, 1891 Preston White Dr., Reston, VA 22091. 






KONICA... sharpening 


’ your diagnostic capabilities. 


provides you with excellent tech- 
nical support, quality assurance 
and educational programs for 
your staff. 
If you'd like to sharpen your diag- 
nostic capabilities, take a good 
look at Konica. Wel show 
you how our technology, film 
products and support services 
clearly make a difference. 
Konica-leading medical maging 
into the future. Konica Medical 
Corporation, 411 Newark Pomp- 
ton Turnpike, Wayne, N.c. 07470 


From conventional X-ray films f 
to state-of-the-art HMG* imag- {f 
ing technology, Konica, a world $ 
leader in medical imaging films E 
offers a multitude of ways 
to sharpen your diagnostic 
capabilities. 

Konica offers imaging films for 
all diagnostic needs from ; 
general radiography through 

CT, Nuclear Medicine, Ultra- & 
sound, Digital Radiology and 
Magnetic Resonance Imaging. 
Our leading-edge technology, and 
over 112 years of manufacturing experi- *The latest in advanced film technology Konica 
ence and quality control assure you of — HMG films are high-speed, higher resolution, 
consistently superior imaging products. orthochromatic films designed for maximum detail visi- 
And to optimize your imaging results, Konica bility and minimum image graininess. 


Konica 


The Image of Perfection. 








CT 9000 from GE... 
an uncomplicated system that’s 


the best in its class 


When you’’e buying a CT system 
to handle routine procedures, the 
last thing wou want is unnecessary 


complexity Complexity can compro- 


mise the eeonomy you're looking 
for in such a system... it can raise 
your overhead, increase downtime, 
and slow down throughput. 


That’s why the CT 9000 from 
General Electric has become the 
best-selling system in its class: 

it’s remarkably uncomplicated. 
Simple installation: The entire 
computer system is housed in the 
operator’s console. That means you 





don’t neec a separate computer 
room with special air conditioning 





GENERAL @@ ELECTRIC 


requirements. And the CT 9000 fits 
into aroom as small as 20 x 20 feet 
_..in most cases, it can be installed 
without renovation. 


Uncomplicated operation: The 
CT 9000 incorporates advanced 
micro-electronic technology to 
streamline operation and enhance 





operator efficiency. Operation is so 
easy that training can be completed 
in as little as one day. Routine 
protocols can be initiated with the 
touch of a button. And the unique 
AutoVoice synthesizer automatically 
relays proper breathing instructions 
to the patient, letting the operator 
concentrate on the procedure 

at hand. Because the CT 9000 
system is so easy to use, most 
procedures can be completed 
faster...enhancing patient 
throughput even further. 





Uncommonly reliable: The 

CT 9000’s modular electronics not 
only give you scan versatility, they 
also set a new standard in system 
reliability. You get consistently 
excellent performance, day after 
day, with minimum downtime and 
maximum throughput. 


Financing made easy: GE offers a 
complete range of financing and 
lease plans that can be tailored to 
fit your budget and cash flow 
requirements. Our Super Saver lease 
plan, for example, offers a fixed 
lease rate as low as 4.8%* with no 
payments for the first 90 days of 
operation ... that means your 

CT 9000 system will begin earning 
income for your facility immediately. 
More information? Contact your 
General Electric sales representa- 
tive, or call us and find out how 
the CT 9000 system can fit into 
your healthcare delivery plans. 


800-433-5566 Ext. 5303 


*Rate in effect for a limited time only. Some restrictions 
apply. Contact your GE sales representative for details. 
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EMERGENCY RADIOLOGY OF THE 


AcuTELy ILL or INJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions, particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 
basic facts, the simple. the obvious. the Variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 
Radiol (of the First Edition) 
1986/622 pages/685 illustrations/*8049-0/S75.00 


COMPUTED TOMOGRAPHY AND 
MAcnetic RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The leading guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo- 

ral bone, extraordinary images generated by state-of- 

the-art equipment, and more. 

1985/504 pages/155 illustrations/#5476-7/S84.75 


Lymphography, Computed Tomography 
and Scintigraphy 
Second Edition 
Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 

For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 


of the alia exploration of lymphatic 
evaluatior¥ 


1985/526 pages /352 illustrations/*1651-2/S87.50 


COMPUTED TOMOGRAPHY IN THE 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federle, MD and Michael 
Brant-Zawadzki, MD 


In this new edition you'll find a thorough and up-to- 
date discussion of the clinical indications for CGE 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 
1986/about 300 pages/about 370 illustrations / 
#3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 


Second Edition 


By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 
with a special contribution by Donald D. Blaschke, 
DDS 

Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basic princi- 
ples of arthrography and adds new. recently published 
concepts, such as double-contrast CT arthrography. 
1985/282 pages/147 illustrations/*0256-2/$62.50 
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— YES! Please rush my copy of 





If not completely satisfied, | may return the books with- 
in 30 days at no further obligation. (US & Canada only). 
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PAYMENT OPTIONS 

(Enclose payment or charge your order and Williams & Wilkins will pay all postage 
and handling costs.) 

QO Check enclosed 0O Bill me 

O VISA 0 MasterCard O American Express 
card” OOOOOOOOOoOooOoOo exp. O0- 





signature/p.o. # 


For fastest service...call 1-800-638-0672 toll free anywhere in 
the US except AK and HI: MD residents call 528-4221 collect. 


Full Name 





Address 











City = Sale- D 


SWISAD 95400 


The perfect profile for narrow navigation. 


The New Schwarten” 
LP Catheter 






How narrow can you get? As narrow as 
the new Schwarten™LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a Datient’s 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where ycu want 
to be during positioning. Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
call toll-free: 800 227-9902. 


Advanced Cardiovascular Systems, Inc. 
1395 Charleston Road 


Mountain View, CA 94039 


s l 415 965-7360 a 
Where Innovation continues. Toll free: 800 227-9902 


ACS is a wholly owned subsidiary TWX (Telex I!) 23-289-720 j 
Lilly of Eli Lilly and Company. e g 
© 1986 Advanced Cardiovascular Systems, Inc. 








Modular Mobile Illuminator 


S&S X-Ray medical film read- 
ing illumination excellence has 
provided radiologists with 
unequalled quality and 
reliability for over 

30 years. 


The S&S commitment to quality 
and R&D has earned the 
reputation for excellence we 
enjoy, and has made S&S the 
world’s largest manufacturer of 
Motorized Viewers. 


Models’ film capacity range from 
48 14”x17” radiographs to 400 


Model MV200A with optional MV 
(4 over 4). 


200C and MV200T 


Whether stationary or motor- 
ized, S&S viewers together with 
our complete line of x-ray acces- 
sories are designed and engi- 
neered to fit every need, every 
budget. 





Catalog available upon request. 








87-93 Jay Street, Brooklyn, NY 11201 
Telex: 219262 TLX UR 

Tel: In NY State: (718) 852-6900 

$ Toll Free: (800) 221-6634 


THE 
LABSONICS 
ULTRASOUND 
BREAST SCANNER 


OUR POSITION 
IS UNIQUE. 


Americas premier supine scanner gives you: 


Unsurpassed image quality —due to natural 
compression, optimum transducer design and 
water path techniques. 


Correct orientation of anatomy —for palpa- 
tion ef the lesion during examinations, for locali- 
Zation and needle biopsies. 


Maximum patient comfort —and ease in 
examinations. 


Rapid, precise, automatic scans —close inter- 
val, reproducible scans, as close as 1.0 mm apart. 


Unique, interchangeable family of trans- 
ducers —now with 7.5 MHz. 


These features, and more, make Labsonics 
a fitting complement to X-ray mammography. 
The Complement that assures Confidence. 


LABSONICS” 
The Company Dedicated to Ultrasound Imaging. 


Labsonics, Inc. 


P.O. Box 337 236 E. Washington St. 
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Consult with International Authorities <. 


Computed Tomography of the 
Gastrointestinal Tract 

Including The Peritoneal Cavity And Mesentery 

Edited by Morton A. Meyers, MD, Professor and Chairman, Department of 


Radiology, School of Medicine, State eure of New York at Stony Brook, 
‘Stony Brook, NY 


Comprehensive . .. Practical ... . Up-to-Date . . . This new volume presents 
computed tomography of the major disease states involving the gastrointestinal 
tract, mesentery, and peritoneal cavity. Computed Tomography of the 
Gastrointestinal Tract takes the combined experience of 15 world-renowned 


authorities, 466 superb illustrations (most of these high quality radiographs), and 


a consistently lucid, straightforward text and combines these ingredients into an 
essential tool for use in your daily practice. 


Contents (by section): Carcinoma of the Esophagus and Gastroesophageal 
Junction (C.D. Becker, W.A. Fuchs). Gastric Carcinoma (S. Komaki). 
Gastrointestinal Lymphoma, Leiomyoma, and Leiomyosarcoma (A.J. 
Megibow). Inflammatory Bowel Disease and Related Conditions (W. Frik, 
M. Persigehl, and K.-C. Klose). Subperitoneal Spread of Intra-Abdominal 
Disease (M. Oliphant, A.S. Berne, and M.A. Meyers). Mesenteric Disease 
(N.O. Whitley). Intraperitoneal Fluid Collections (R. Churchill, M.A. 


Meyers). Acute Appendicitis (M.A.M. Feldberg, M.J. Hendriks, and P.F.G.M. 
van Waes). Diverticulitis (A.J. Megibow). Colorectal Carcinoma (C.D. Becker 


and W.A. Fuchs). Index. 
1986/296 pp/250 illus i in 466 peer 00 tent/#96232-8 
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To | 
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Inquire at your local medical 
bookstore or use this orcer coupon. 


I'd like to order copies of 
Computed Tomography of the 
Gastrointestinal Tract: Including 
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fhe development of nonionic contrast media, introduces... 


An important innovation for 
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Improving the safety profile 
in a broad spectrum 
of applications. 


> Indicated for: 











Angiocardiography 
Cerebral Arteriography 
I.V. Digital Subtraction Angiography 
of Head and Neck 
Peripheral Arteriography 
Peripheral Venography 
+ Aortography 
Excretory Urography 
Lumbar and Thoracic Myelography 
CT Myelography 
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SIGNIFICANT IMPROVEMENT IN PATIENT TOLERANCE 


Incidence of Adverse Reactions After Intravenous Injections* 













Cardiovascular | | 1.25% 

P<.0001 3.83% 
Central nervous system {0.83% 

P=.004 2.06% 


Gastrointestinal P<.o001 |__| 3.27% 







(nausea, vomiting, taste) 15.83% 
Skin P<.0001 |__|1.31% 
(flushing, urticaria, itching, exanthema) 7.22% 
Respiratory | 0.30% 
P=.09 0.74% 
Muscular | 0.18% 
P>.75 0.22% 
a from Dahlstrom 0% 5% 10% 15% 20% 
et al.’ 


L] lohexol (n = 1,683 patients) [| lonic Media (n = 1,358 patients) 


NO CONFUSION OR 
DISORIENTATION AFTER MYELOGRAPHY 
REPORTED IN CLINICAL STUDIES?‘ 


Elderly patients may present a greater risk following myelography. 
Physicians should remain alert for the occurrence of adverse effects 
which have occurred with other nonionic water-soluble media. 


GREATER PATIENT COMFORT IN 
VASCULAR APPLICATIONS?’ 


More comfortable procedures for patients, especially those who have 
severe stenotic disease or experienced pain during a previous examination. 


Improved patient cooperation can result in increased patient throughput. 
For myelography: recommended concentrations— 
OMNIPAQUE 180 (180 mgI/mL) or OMNIPAQUE 240 (240 mgl/mL). 

* See last pages for important product information concerning 


contraindications, warnings, adverse reactions, patient selection, and 
precautionary recommendations. 


Improving the safety profile 
in a broad spectrum 
of applications 





IMPROVING THE PATIENT SAFETY PROFILE 


For all patients, including those hypersensitive to ionic media.’ 
Since adverse react ons can occur with nonionic media, similar 
preparations to thos recommended for ionic media should be 
planned to handle savere or potentially fatal reactions. 


Improving the nephrotoxicity profile. 
Minimal effect on glomerular filtration rate, permeability, or 
albumin excretion.” Not recommended for patients with 
anuria. 


Improved hemodynamic profile."""* Clinical relevance is yet to 
be determined. 
Less reduction in systolic and diastolic pressures. 
Minima! effect on myocardial conduction or contractility, 


Excellent neurotoxicity profile. ^% 


Elderly patients may be at greater risk following contrast media 
admimistration. 


GREATER CONVENIENCE 
IN ADMINISTRATION 


One ready-to-use agent for most examinations. 
No dilution or reconstitution necessary. 


Flexible application with the four most used iodine concentrations. 


Concentration Color 
Product (mgl/mL) Coding Indications for Use 


OMNFAQUE® 180 180 
OMNIFPAQUE® 240 240 
OMNFAQUE® 300 300 
OMNFAQUE® 350 350 


_ Lumbar, Thoracic, and CT Myelography 
_ Lumbar and Thoracic Myelography, Peripheral Venography 
_ Urography, Cerebral Arteriography, Peripheral Arteriography, 
Peripheral Venography 
_ Angiocardiography, Urography, Peripheral Arteriography, 
I.V. Digital Subtraction Angiography 
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CONSISTENT DIAGNOSTIC QUALITY 


SUBARACHNOID IMAGES EQUAL TO OR BETTER THAN 
THOSE OBTAINED WITH A FIRST-GENERATION NONIONIC.” 





Excellent filling of root sleeves. Diagnostic CSF 
Excellent visualization of root enhancement for CT 
and conus medullaris. evaluation. 


No aspiration of contrast 
medium required. 


See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, and 
precautionary recommendations. 


Improving the safety profile 
in a broad spectrum 
of applications 


EXCELLENT VASCULAR IMAGING 





Excellent pyelographic 
density.” ° 


Image degradation due to 
swallowing, motion, and 
coughing is less with iohexol 
than with ionic contrast media.** 








4 


Excellent diagnostic quality in 
peripheral studies.”’ 


A preferred medium for lower- 
limb venography. 





Excellent results in cerebral 
arteriography. 4 '* 
Less movement due to pain.” 


ee 100 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium. 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography, 
including studies of the aortic root, aortic arch. ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography, 
by conventional technique and in computerized tomography. 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and an appropriate technique should be utilized. 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol. 

Lumbar puncture ordinarily should not be performed in the presence of loca! 
or systemic infection where bacteremia is likely. 

Intrathecal administration of corticosteroids with OMNIPAQUE is 
contraindicated. 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION). 

WARNINGS—General: OMNIPAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication; however, special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell aisease. 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If. in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nocule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium. 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis. 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated Carefully. Special 
attention must be paid to dose and concentration of the medium. hydration, and 
technique used. 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases. 

Drugs which lower the seizure threshold, especially phenothiazine deriva- 
tives, including those used for their antihistamine properties, should not be used 
with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepressants, 
CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the control of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure. 

Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom- 
mended. 

In most reported cases of major motor seizures with other nonionic myelo- 
graphic media, one or more of the following factors were present. Therefore 
avoid: 

* Deviations from recommended procedure or in myelographic management. 

* Use in patients with a history of epilepsy. 

* Overdosage. l l 

* Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium. 

e Medication with neuroleptic drugs or phenothiazine antinauseants. 

e Failure to maintain elevation of the head during the procedure, on the stretcher, 
or in bed. 

* Excessive and particularly active patient movement or straining. | 

If ofesly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient. 
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PRECAUTIONS— General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal disease). 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
administration. 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile. 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additicnal risk. 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and 
that adequate and appropriate personnel be readily available in case a severe 
reaction should occur. 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). The susceptible population 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known clinical hypersen- 
sitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily con- 
traindicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iodine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances. 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase thesduration of exposure to the 
contrast agent. 

Angiography should be avoided whenever possible in patients with homo- 
cystinuria, because of the risk of inducing thrombasis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended. . 

Selective coronary arteriography should be perfarmed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure. . 

Administration of contrast media should be perfarmed by qualified personnel 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture l 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringe and used immediately. 

If nondisposable equipment is used, scrupulous-care should be taken to 
prevent residual contamination with traces of cleansing agents 


Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration. If particulate matter or discoloration is 
resent, do not use. E 
Repeat Procedures: If, in the clinical judgment ofthe physician, sequential or 


repeat subarachnoid examinations are required, a Suitable interval of time 

between administrations should be observed to allow for normal clearance of 

the drug from the body. — | . . 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant. — 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid disor- 
der (see WARNINGS). 


OMNIPAQUE® (iohexo! 


3. Inform your physician if you are allergic to any drugs, food, or if you had any 

reactions to previous injections of dyes used for x-ray procedures. l 
4. Inform your physician about any other madications you are currently taking, 

including nonprescription crugs, before you are administered this drug. 
Drug/Laboratory Test Interaction: If iodir e containing isotopes are to be - 
administered for the diagnosis of thyroid disease, the iodine-binding capacity of 
thyroid tissue may be reducec for up to twc weeks after contrast medium 
administration. Thyeoid function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. l 
Drug Interactions: Drugs which lower the seizure threshold—especially phe- 
nothiazine derivatives including those usec for their antihistaminic or antinause- 
ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, | 
and psychoactive drugs described as ana‘eptics, major tranquilizers, or anti- 
psychotic drugs. Such medications should be discontinued at least 48 hours 
before myelography, should not be used for the control of nausea or vomiting 
during or after myetography, and should nct be resumed for at least 24 hours 
postprocedure. In nonelective procedures n patients on these drugs, consider 
prophylactic use of anticonvu'sants. l 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 
studies have been performed to evaluate the potential of iohexol in these areas. 
Pregnancy Category B: Reproduction studies have been performed in rats and 
rabbits with up to 100 times the recommended human dose. No evidence has 
been established of impaired fertility or harm to the fetus due to OMNIPAQUE; 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated. 

Nursing Mothers=Caution should be exercised when OMNIPAQUE is admin- 
istered to a nursing woman, it is not Known :o what extent iohexol is excreted in 
human milk. 
Pediatric Use: Satety and effectiveness in children have not been established 

_ ADVERSE REACTIONS: 
Intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 
have been mild to moderate in degree, anc of short duration. The incidence of 
these occurrences. based on clinical trials of 584 patients, is as follows: 

Headaches: Themost frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headac1e, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage-at the dural puncture site. However, in managing the patient, 
itis considered more important to minimize intracranial entry of contrast 
medium by postural management than to attempt to contro! possible CSF 
leakage. 

Pain: Mild pain imcluding backache, stiffness, and neuralgia occurred follow- 
ing injection with am incidence of about 8%. 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of abeut 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
phenothiazine antimauseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transent dizziness was reported in about 2% of the patients. 
Other Reactions. Other reactions, occur ing with an individual incidence of 
less than 0.1%, inciuded feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo. and loss of appetite. All were transient and mild, 

with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrenceof adverse effects in addition to those discussed above, 
particularly those already reported in the li erature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacterial meningitis, and CNS and other neurologic disturbances. 
Intravascular: Adverse react ons to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular or gin, have been associated with the 
administration of iadine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral ite ts are? pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in Climical trials is as follows: 

Cardiovascular System: Arrhythmias inc uding PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. ncontrolled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimateo at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blumed vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, memiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
ile dyspepsia, and dry mouth were eported, with an individual incidence 
° o. 


»— Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 


Individual adverse reactions which occurred to a significantly greater extent 
or a specific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrenceof adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrastmedia. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection, Cardiovascular reac.ions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
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peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea, or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE NSERT BE- 
FORE USE. Details on dose, concentration, and administration are provided for 
each of the indicated procedures. 
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Mammographic Features of 
300 Consecutive 
Nonpalpable Breast Cancers 





The mammographic presentations of 300 consecutive nonpalpabie breast cancers 
were analyzed to more clearly define the spectrum of radiographic signs needed to 
detect cancer at such an early stage. Clustered calcifications were the primary mam- 
mographic abnormality in 42% of cases, but only 23% demonstrated the rod, curvilinear, 
and branching shapes that are characteristic of malignancy. Of the 300 cancers, 39% 
presented as dominant masses, but only 16% showed spiculated or knobby margins 
typical of carcinoma. Almost 20% of the cancers were detected primarily by “indirect” 
mammographic signs of malignancy, such as focal architectural distortion, asymmetry, 
single dilated duct, and the developing density sign. To take full advantage of the 
capabilities of mammography, radiologists must search diligently not only for the classic 
mammographic features of malignancy but especially for the more subtle and “indirect” 
signs that are less specific in predicting the presence of cancer. 


Mammography provides the opportunity to detect breast cancer at an early 
stage, when it is nonpalpable and the likelihood for cure is great [1-5]. With the 
Current increased use of mammography to screen asymptomatic women, it has 
become more and more important for radiologists to recognize the earliest pre- 
senting features of carcinoma [6]. While some nonpalpable cancers present with 
mammographic signs that are not at all characteristic for malignancy [7-13], how 
often this occurs is not widely Known. To clarify the situation, we designed a study 
that catalogs the full spectrum of mammographic presentations by which a large 
series of nonpalpable cancers was detected. 


Materials and Methods 


From January 1976 to February 1984 300 fully documented nonpalpable breast cancers 
were examined by mammography at the University of California Medical Center in San 
Francisco. Since we routinely place preoperative mammograms into a teaching file upon 
pathologic diagnosis of breast cancer, all of these films were readily retrieved at the time of 
our retrospective review, insuring the assembly of a consecutive series of cases. Two criteria 
established eligibility for study: (1) that mammographic lesions were not palpable even in 
retrospect and (2) that there was clear-cut correlation via radiographs of resected tissue that 
each mammographic lesion came from within an area of histologically proved malignancy. To 
prevent diluting our study population with patients already known to have palpable or 
advanced breast cancer, we excluded patients with palpable cancer in the opposite breast 
or elsewhere in the same breast and also patients with distant metastasis who had mam- 
mography to search for a primary tumor site. 

Mammography was done using conventional screen-film or xeroradiographic technique, 
frequently with additional magnification images [14]. All cases were reviewed retrospectively 
for the presence of classic, subtle, or “indirect” radiographic signs of malignancy [7, 8. 10, 
13] and also to determine the most important mammographic feature prompting biopsy. We 
also collected data on breast parenchymal patterns, patient age, location and size of cancers, 
and staging for metastasis at the time of tissue diagnosis. 
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TABLE 1: Maximum Tumor Diameter of Nonpalpable Breast 
Cancers 




















Size No. (%) 

VS co hee 24 84 (28) 
<5mm......... 20 (7) 
6-10 MM «00455. 78 (26) 
TIOM ose dean eS 404 67 (22) 
MeO 35 cannes 7 (2) 
WMUNNIOGE! «54 o74oeou edad es 44 (15) 

No TTNET ETETETT 300 (100) 





* Ranging from 2 to 96 mm. 


TABLE 2: Breast Parenchymal Patterns in Nonpalpable Cancers 














Pattern No. (%) 
Se ee ay 94 (31) 
PA setiq.uen cece duking aca oa 016 74 (25) 
PEE eee 46 (15) 
DY orxespeacerves 86 (29) 
ic, | a rs 300 (100) 
Results 


The patients were 24-88 years old (mean age, 57 years). 
Almost 80% were 40-69 and were fairly evenly distributed 
among these three decades. 

Locations of cancers closely paralleled those from previ- 
ously published large consecutive series composed primarily 
of palpable lesions [15, 16]. An absolute majority (52%) of 
our nonpalpable tumors arose from the upper outer quadrant 
of the breast, with about 15% each coming from the upper 
inner, lower outer, and retroareolar regions, and only 5% from 
the lower inner quadrant. 

Maximum tumor diameter, measured by the pathologist in 
each case, varied from 2 to 96 mm (table 1). More than one- 
third of the lesions fit the Gallager-Martin definition of minimal 
breast cancer, being either noninvasive (in situ) or no larger 
than 5 mm in greatest diameter [17]. Multifocal cancer (tumor 
foci separated by at least 20 mm of benign tissue) was found 
in 15% of our patients. This certainly is an underestimate of 
the true frequency of multifocality since whole-breast histo- 
pathologic evaluation could not be done on the many patients 
whose surgery was limited to lumpectomy or quadrant exci- 
sion based entirely on mammographic findings [18]. Only 
seven unifocal cancers (2%) were larger than 20 mm, most 
of these presenting mammographically with innumerable clus- 
tered calcifications that were found to represent extensive 
areas of comedocarcinoma. 

Similar to the malignancies found by mammographic 
screening of asymptomatic patients, most nonpalpable can- 
cers in this study were confined to the breast itself [1, 5, 12, 
19]. Over 80% of our patients had no evidence of axillary 
nodal or systemic metastasis at the time of initial tumor 
staging, with only 6% having more than three positive axillary 
lymph nodes and just 2% demonstrating distant metastasis. 

The breast parenchymal patterns associated with our 300 
nonpalpable cancers are shown in table 2. More than half of 
the patients were in the lower-risk N1 and P1 groups. This 
observaffon has been made previously in populations heavily 
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TABLE 3: Mammographic Features Prompting Biopsy in 
Nonpalpable Breast Cancers 





Mammographic Features No. (%) 


All calcifications: 




















Linear DONON «.+..46se%aKe¢<ie«s 68 (23) 
Other irreguiar................... 8 (3) 
Indeterminate shape .............. 49 (16) 
UN, 2G on Gs he Fa RA 125 (42) 
All masses: 

Spiculated/knobby................ 49 (16) 
Irregular/poorly defined ............ 57 (19) 
Relatively well defined ............. 12 (4) 
OF ed ne en oe ORG e 118 (39) 

All “indirect” signs: 
Architectural distortion............. 26 (9) 
Developing density ............... 19 (6) 
Asymmetry ...............-..... 8 (3) 
Single dilated duct................ 4 (1) 
Utah a Fo ba we Sees es 97 (19) 
e E E E eds 300 (100) 





TABLE 4: Classic vs. Subtle Mammographic Signs Prompting 
Biopsy of Nonpalpable Breast Cancers 




















Mammographic Signs No. (%) 
Classic signs of malignancy: 

Linear/branching calcifications ........... 68 (23) 
Spiculated/knobby mass ............... 49 (16) 
Tae EEEE EEEE EEEE SEE 117 (39) 

More subtle signs of malignancy: 
Ohër CaIGiNCATIONS 2. nanan Gee es Bae nds 57 (19) 
Othoi OSE: 6.65 4-0-4056 4 645445544 EOS 69 (23) 
"OGL GIONS 5.6634 tb-ee bg BGG ade’ a 57 (19) 
BUDIOUN 6s O44 ews ees dS leer ewes 183 (61) 
POA 2 arse. 6 hari bxgni he ane Bln a 300 (100) 





weighted with small breast cancers and strengthens the 
contention that parenchymal patterns are not sufficiently 
strong predictors of breast cancer risk to guide management 
decisions such as frequency of follow-up screening [19-21]. 

The major radiographic signs of carcinoma, tumor mass 
and clustered calcifications, were found to at least some 
degree in most patients. Indeed, more than half of the cancers 
had mammographically visible calcifications, 36% presenting 
with calcifications alone. In another 26% the sole mammo- 
graphic finding was a dominant mass. However, almost 20% 
of our cases presented with neither mass nor calcifications, 
but were detected only by “indirect” mammographic signs of 
malignancy. 

Table 3 catalogs the presenting signs of our nonpalpable 
cancers, concentrating on the most important mammographic 
feature that prompted biopsy in each case. Clustered calcifi- 
cations were the most common finding, but in only slightly 
more than half of these cases did we identify the linear, 
curvilinear, or branching shapes characteristic of malignancy 
(7-9, 13, 14, 22]. Calcific particles seen in the rest of the 
cases were mostly of indeterminate shape; these lesions were 
biopsied primarily because malignancy could not be excluded 
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rather than because it was strongly suspected. Among the 
cancers presenting as mass lesions, again only about half 
demonstrated spiculated or knobby margins typical of carci- 
noma [7, 8, 13], the rest appearing to have simply irregular 
or poorly defined borders. Although a few cancers were 
actually relatively well defined, none showed the completely 
smooth, sharply defined margins characteristic of benign 
masses. The most frequent among the “indirect” presenta- 
tions of malignancy were focal architectural distortion and the 
developing density sign (a rewly apparent or enlarging area 
of glandular tissue density). Only a few tumors were identified 
by the demonstration of a sirgle dilated duct or an asymmetric 
area of increased density as compared with mirror-image 
location in the opposite breast. All in all, more than half of our 
nonpalpable cancers presented with mammographic features 
less than classic for malignancy (table 4). 


Discussion 


Mammographic detection of nonpalpable breast cancer 
permits earlier diagnosis and almost certainly reduces mor- 
tality from the disease [2-5]. The increasing emphasis on 
using mammography to screen asymptomatic women for 
breast cancer is placing the responsibility for tumor detection 
more and more with the radiologist. While it has long been 
known that cancer occasionally presents mammographically 
with less than “textbook” features of malignancy, we are only 
now beginning to appreciate the great extent to which this 
occurs for nonpalpable neoplasms, just those tumors that we 
are expected to discover by screening. In this large series of 
nonpalpable cancers, 61% were detected solely by recogni- 
tion of either subtle or “indirect” mammographic signs. The 
message to radiologists is clear: To take full advantage of 
mammography we must search diligently not only for char- 
acteristic tumor masses and clustered calcifications, but es- 
pecially for more subtle signs of malignancy. 

In so doing, we must anticipate all the consequences of 
lowering our threshold for recommending biopsy. While the 
detection of many small, ocherwise overlooked carcinomas 
surely will occur, it is equally certain that there will be a large 
number of additional biopses for lesions that prove to be 
benign. Furthermore, the pe-centage of benign biopsies likely 
will increase compared wit) current practice, because the 
more subtle mammographic features of malignancy are less 
specific indicators of underlying cancer than are the classic 
signs [11, 13]. Therefore, we should prepare for the increase 
in “false-positive” interpretations that inevitably will accom- 
pany the attempt to detect smaller and smaller cancers. To 
do this, we must convince our referring physicians and pa- 
tients that it is only by accepting the philosophy of searching 
aggressively for the earliest, most subtle signs of malignancy 
that we all will derive the maximum benefit from mammo- 
graphic screening. 

Identification of numerous cancers in this series was facili- 
tated by the use of magnification imaging as an adjunct to 
conventional mammography. In many cases the added infor- 
mation provided by fine-detail magnification views prompted 
the immediate biopsy of a small carcinoma instead of the 
alternate approach of periodic mammographic follow-up. The 
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specific role of magnification mammography in the diagnosis 
of nonpalpable breast cancer will be the subject of a separate 
publication. 
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Atypical Carcinoid of the 
Lung: Radiographic Features 





Atypical carcinoid of the lung is a neuroendocrine neoplasm with cellular and clinical 
features intermediate between those of typical carcinoid and small cell undifferentiated 
carcinoma of the lung. These neoplasms exhibit a wide range of histologic appearances 
and are misdiagnosed in up to 50% of cases. The clinical records and radiographs of 
32 patients with this diagnosis from the University of Virginia Medical Center anc Wake 
Forest University Medical Center were reviewed. Sixteen of these cases hac been 
misdiagnosed pathologically. While the most frequent radiographic finding was a round 
or ovoid lobulated peripheral mass, other appearances included thin-walled cavities, 
poorly defined nonsegmental infiltrates, and mediastinal masses. Fifty percent of the 
patients in this study have died from their tumor, with a mean survival of 15.5 months. 
This contrasts with both typical carcinoid and small cell undifferentiated carcinoma, in 
which patients develop fatal metastatic disease in 5% and nearly 100%, respectively. 
Proper categorization of typical carcinoid, atypical carcinoid, and small cell undi*‘feren- 
tiated carcinoma is necessary to determine appropriate therapy, prognosis, and report- 
ing of end results. 


The radiologic features of typical bronchopulmonary carcinoid (TC) and small cell 
undifferentiated carcinoma of the lung (SCUL) are well known to radiologists. Less 
well known, however, are the radiologic and clinical features of a related neoplasm, 
atypical carcinoid (AC). These three neoplasms exhibit neuroendocrine differentia- 
tion and have a spectrum of microscopic pleomorphism and Clinical behavior, with 
AC being intermediate between the histologically bland, clinically indolent TC and 
the highly anaplastic, clinically aggressive SCUL. The histologic appearance of AC 
is somewhat varied, making differentiation of low-grade AC from TC or high-grade 
AC from SCUL difficult. 

The clinical and pathologic features of bronchopulmonary AC have been de- 
scribed, but no comprehensive report of its radiographic appearance exists [1-4]. 
We reviewed the clinical records and radiographs of 32 patients with this diagnosis 
in order to assess the range of findings which may result from this tumor. 


Materials and Methods 


Twenty-seven cases were identified by review of the pathology files and tumor registries 
at the medical centers of the University of Virginia and Wake Forest University using similar 
procedures at both institutions. The years for which the tumor registries were polled included 
1970-1981 at UVa and 1974-1984 at WFU. An initial listing of patients with neoplasms that 
could be histologically mistaken for AC was obtained. These diagnoses included bronchial 
adenoma, carcinoid, oat cell carcinoma, small cell carcinoma, anaplastic carcinoma, undiffer- 
entiated carcinoma, and any type of poorly differentiated carcinoma. This listing included 
1901 patients. Cases that had had the diagnosis made by small biopsies (<3 mm in greatest 
dimension), cytology alone, or unavailable outside slides were then eliminated. Slides from 
the remaining 533 cases were then reviewed by the pathologists to arrive at the 27 cases of 
AC within these two files. Five cases of AC were obtained from consultations sent by outside 
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pathologists to two of the authors (E. H. K., S. E. M.). 

The pathologic material from WFU was reviewed by two patholo- 
gists (E. H. K., K. R. G.) and that from the UVa was reviewed by 
several pathologists, primarily one of the authors (S. E. M.). All cases 
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Fig. 1.—Atypical carcinoid: distribution of lung involvement in 27 cases of 
atypical carcinoid. 
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conform histologically to the criteria of Arrigoni et al. [1] for the 
diagnosis of atypical carcinoid: (1) increased mitotic activity, (2) pleo- 
morphism and irregularity of nuclei and prominent nucleoli, hyper- 
chromatism, and increased nuclear-cytoplasmic ratio, (3) areas of 
increased cellularity with disorganization of the architecture, and (4) 
areas of necrosis. The pathologic features of 17 of the 21 cases from 
UVa have been previously described [2]. 

The clinical and radiographic material was reviewed by three 
radiologists (R. H. C., R. B. D., T. L. P.). Original radiographs were 
available for 29 patients. Abnormalities on chest radiographs included 
the presence of masses, nonsegmental consolidation, obstructive 
pneumonitis, resorptive atelectasis, and hilar or mediastinal lymph 
node enlargement. Masses were defined as centrally located if they 
involved a main, lobar, or segmental bronchus. 


Results 
Clinical Information 


The 32 patients in this study comprised 21 men and 11 
women aged 37-77 years (mean, 57.6 years). Twenty-five 





Fig. 2.—Atypical carcinoid. Radiographs from six different patients show 
markedly (Sbulated mass (A), spiculated mass (B), mass with relatively smooth 


borders (C), thin-walled cavity (D), nonsegmental consolidation of middle lobe 
(E), and lobulated mediastinal mass (F). 
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Fig. 3.—Atypical carcinoid. A, F-ontal radiograph demonstrates obstructive pneumonitis with volume loss in middle lobe. B, CT scan shows central IcbDulated 
mass (arrows) in addition to middle lobe atelectasis. 


patients had a history of smoking tobacco. Four patients had 
definite megative smoking histories. The smoking history of 
the remaining four patients is unknown. Twelve patients had 
symptoms related to the thorax, most commonly cough or 
chest pain. Hemoptysis occurred in one patient. Sixteen had 
chest radiographs as part of a routine physical examination 
or while being evaluated for another illness. Two patients 
presented with neck masses, which proved to be metastases. 
At presentation, eight patients had hilar metastases, four had 
mediastinal metastases, and one had chest wall involvement. 

Patient treatment included surgery, radiotherapy, and 
chemotherapy. Fourteen patients had some combination of 
these three. Twenty patients underwent lobectomies or 
wedge resections, two hac pneumonectomies, and six had 
radiotherapy alone. 

For the 15 patients who ‘ave died from their disease, the 
mean survival time was 15.5 months. One patient died with 
no evidence of tumor. Elev2n patients are alive without dis- 
ease with a mean follow-up of 26.6 months. One patient is 
alive with disease. Five patients have been lost to follow-up. 


Radiographic Findings 


The distribution of lung adnormalities is shown in figure 1. 
Involvement of the right lung was twice that of the left, and 
the upper lobes were affected more frequently than the lower 
lobes. Masses were peripheral in 17 of the 21 patients in 
whom they were present. 

Twenty-one patients had masses that were round or ovoid 
and ranged in size from 1.5 to 10 cm. Fifteen of these masses 
exhibited lobulation, which -anged from mild to marked (fig. 
2A). Both spiculated and smooth borders were encountered 
(figs. 2B and 2C), althoug1 most were intermediate. One 


patient had two masses in the same lobe. One had a thin- 
walled cavitary mass (fig. 2D). Two patients each had local- 
ized nonsegmental consolidation (fig. 2E) and lobar atelectasis 
without a well-defined central mass. One patient each had a 
mediastinal mass (fig. 2F), lobar atelectasis with a central 
mass (fig. 3), hilar lymph node enlargement, and an isolated 
pleural effusion. Follow-up radiographs in the patients dying 
of their disease demonstrated lymphangitic spread within the 
affected lung and masses involving the pleura, brain, liver, 
adrenal, kidney, and periureteral retroperitoneum. 


Discussion 


Confusion about the proper classification and clinica! be- 
havior to be expected from carcinoid tumors has develaped 
for several reasons. First, previous classifications have in- 
cluded them in the heterogeneous group designated “bron- 
chial adenomas” [5-7]. Second, atypical carcinoid is com- 
monly misdiagnosed as some other type of lung carcinoma 
[2]. Third, some authors have made no distinction between 
the typical and atypical histologic varieties [6, 7]. Fourth, even 
when authors distinguish between histologic varieties, differ- 
ing conclusions about their clinical behavior have been 
reached [1, 2, 8]. Finally, occasional patients with typical 
carcinoids having a bland histologic pattern will develop me- 
tastases [9]. 

The clinical and epidemiologic features of respiratory neu- 
roendocrine tumors are Summarized in table 1 [1-10]. AC is 
intermediate between TC and SCUL in terms of age, 
male:female ratio, history of smoking, respiratory symptoms, 
and incidence of metastases. Hemoptysis and recurrent in- 
fections are often associated with TC, but are seldom seen 
in patients with AC. Only one of our patients had hemoptysis 
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TABLE 1: Clinical and Epidemlologic Features of Respiratory 
Neuroendocrine Tumors 





Smal Cal 
Typical Atypical Undifferen- 
Carcinoid Carcinoid tiated 
Carcinoma 
Mean age (years)... 40-50 55—60 60 
Male:female ratio... 0.8:1 2:1 3.7:1 
History of smoking .. Uncommon Common Very common 
Respiratory symp- 
toms (%) ....... 75 50 90 
Incidence of metas- 
tases (%)....... 4-6 50-66 + 





and none had recurrent infections. Between 40% and 50% of 
cases of AC are discovered on routine chest radiographs, 
whereas patients with either TC or SCUL are usually symp- 
tomatic. It is Important to note that 15 (46.9%) of our 32 
patients have died from their disease. This is in marked 
contrast to both TC and SCUL, in which patients develop 
fatal metastatic disease in 5% and nearly 100%, respectively. 

TC, AC, and SCUL are best categorized as a spectrum of 
respiratory neuroendocrine tumors. Whereas experienced pa- 
thologists can correctly categorize most cases along this 
spectrum, some tumors have mixed or indeterminate histo- 
logic patterns. These cases usually fall between AC and 
SCUL, although they may occur between TC and AC. None- 
theless, many pathologists are unaware of the range of his- 
tologic appearances that AC may assume, and It Is often 
misdiagnosed as another type of lung cancer. This occurred 
in 16 (50%) of the 32 cases in our study. Alternatively, 
misdiagnosis in regard to SCUL may also be frequent. In a 
review of 18 stage | poorly or undifferentiated carcinomas 
undertaken by one of us, only one tumor continued to be 
classified as SCUL, while two remained unclassifiable and 15 
were reclassified as AC on reexamination by pathologists 
[11]. 

AC differs in its usual radiographic appearance from both 
TC and SCUL. The most common presentation in our series 
is a well circumscribed peripheral mass with considerable 
lobulation. In contrast, TC presents with collapse, obstructive 
pneumonitis, or hilar mass in 75% of cases [12, 13]. Similarly, 
SCUL presents with a central tumor mass, atelectasis, or 
obstructive pneumonitis in 70% of cases [14]. Moreover, 
radiographic mediastinal widening is present in 35% of pa- 
tients in SCUL [15]. 

Since there may be difficulty in distinguishing among these 
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three tumors by cytology or small pathologic samples, a 
correct diagnosis may depend on the radiologist’s awareness 
of the spectrum of appearances of each. Discordance be- 
tween the pathologic report and the usual radiographic ap- 
pearance of a neuroendocrine tumor should prompt the ra- 
diologist to request review of the pathology with these con- 
siderations in mind. Differences in the blological behavior of 
TC, AC, and SCUL make proper classification important for 
institution of appropriate therapy, determination of prognosis, 
and proper reporting of end results. 
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Cine CT Demonstration of 
Nonfixed Upper Airway 
Obstruction 





Cine CT, with its very rapid imaging capabilities, was used to evaluate eight adult 
patients suspected of nonfixed upper airway obstruction. A method was developed for 
such imaging, which provides 10 images at each of 12 contiguous levels, extending 
from the soft palate through the extrathoracic trachea. These give a dynamic view of 
the airway during at least one full respiratory cycle and take about 6 sec to obtain. 
Results were compared with similar studies in 10 normal volunteers. Seven of the 
patients showed intermittent obstruction on cine CT, while the eighth was judged normal. 
All results agreed with subsequent further investigations or confirmed clinical diagnoses. 
The pathology demonstrated included chondromalacia, laryngeal spasm, and polychon- 
dritis. Four patients were evaluated for sleep apnea. All showed dynamic abnormalities 
of the airway, although they were studied awake and asymptomatic, during norma! quiet 
respiration. All were subsequently shown to have severe sleep apnea. We conclude that 
cine CT has the potential to provide information quickly and noninvasively on upper 
airway dynamics and has certain definite advantages over conventional studies. 


The demonstration of nonfixed upper airway obstruction can be a difficult imaging 
problem. Fluoroscopy of the airway, particularly in very sophisticated forms, has 
met with success [1-4], but, if symptoms are intermittent, this technique is of 
limited value, radiation dose is high, and structures are superimposed. Transverse 
orientation is obviously not possible. Conventional CT can give superb anatomic 
detail, but as a dynamic study is sharply limited by relatively long data acquisition 
time. Its application has been confined largely to inspiration and phonation changes 
at the laryngeal level [5]. Conventional CT cannot adequately image the airway in 
tachypneic patients. Though it has shown anatomic abnormalities in obstructive 
apnea patients, conventional CT cannot demonstrate the transient processes [2, 
6]. The advent of cine CT, with its data acquisition time of 50 msec, negligible 
interscan delay, and ability to obtain eight contiguous slices essentially simultane- 
ously and without table movement, is promising for the evaluation of nonfixed 
upper airway disease. In essence, it combines the dynamic capability of fluoroscopy 
with CT orientation of images. We developed a technique for dynamic airway 
studies and used it to study normal volunteers. This experience permitted us to 
evaluate a series of patients referred to us for clinical problems. 


Subjects and Methods 


Eight patients suspected of either sleep apnea (four) or variable upper airway obstruction 
were examined. Reasons for clinical suspicion of sleep apnea varied from vague histories of 
loud snoring (three patients) to a wife’s description of apneic episodes. Of the non-sleep- 
apnea group (all of whom were women), two had stridor of unknown cause, one had severe 
asthma and complained of neck discomfort and noise during breathing, and the other had 
polychonaritis. All patients in this group were studied while symptomatic. 

The sleep apnea patients, all men, subsequently had sleep studies, with documentation of 
number and duration of apneic episodes and determination of degree of artegial oxygen 
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Fig. 1.—Normal subject. Eight images from 10-image sequence of upper oropharynx. Numbers on images refer to couch position relative to arbitrarily set point 
(50.0 in this case) and time into examination sequence (1.65-6.44 sec). (These principles apply to figs. 2-12 also.) | = inspiration; E = expiration. 


desaturation. Diagnosis in other cases was made after presumptive 
diagnosis at cine CT by means suggested thereby. 

Subjects ranged in age from 33 to 61 years (mean, 47.3). Weight 
varied from 55 to 106 kg (mean, 67.5 kg). None of the sleep apnea 
patients were obese. The heaviest patient was a steroid-dependent 
asthmatic. 

Results were compared with identical studies in 10 normal volun- 
teers aged 27-57 years (mean, 38.7) and weighing 60-91 kg. Among 
volunteers, six were men and four, women. All volunteers denied any 
respiratory symptoms, though one stated that he snored loudly. 

All scans were obtained on an Imatron C-100 cine CT scanner. 
This scanner uses four stationary target rings that are scanned by a 
focused electron beam. Each target ring has two separate targets so 
that a single 50 msec sweep of the electron beam produces two 
contiguous, simultaneous images. Each target ring is used in se- 
quence, so that eight contiguous images are obtained in 0.24 sec. 
Slice thickness is currently fixed at 1 cm, though variable collimation 
is expected to become available for this machine within a few months. 
The principles of this scanner have been described in detail by Boyd 
[7]. 

Patients were observed during quiet, supine respiration, a point to 
be emphasized in light of the striking dynamic abnormalities demon- 
strated. In all, 5 sec of scanning was adequate to record at least one 
respiratory cycle. Patients were instructed to inhale, hold their breath, 
then exhale on command and begin immediately to breathe normally 
again. This was practiced with the patient until the respiratory motion 
produced was consistent. The scanning protocol was as follows: On 
the command to exhale, scanning begins, but with a 1.0 sec delay. 
In our experience, this places the first image in inspiration in all cases. 
Eight contiguous levels are scanned on the first run: the region from 
the base of the tongue to the extrathoracic trachea. Scans of the 
eight levels are obtained at 0.5 sec intervals for 5 sec yielding 10 
images for each level. In the scanning sequence the most caudad 
image is acquired first. In the interval between the most caudad and 

e 





Fig. 2.—Normal subject. Smallest oropharynx in a normal subject during 
expiration (E) and inspiration (I). 


most cephalad scans (0.24 sec) the phase of respiration did not shift 
in the same numbered scans in any of our cases. A second identical 
run was then performed for the four or eight levels cephalad to those 
just scanned so as to reach the level of the soft palate. The resultant 
total data yielded 120 or 160 images, 10 images 0.5 sec apart for 
each of the 12 or 16 levels scanned. This requires 12 sec of scanning 
time, divided into two 6-second runs. A typical examination has the 
patient in the scanner less than 10 min. 

Correlation of the phase of respiration with the images is made by 
close observation of the chest and abdominal wall motion and an 
audible click in the machine while acquiring data. Also, the most 
caudad images typically show upward movement of the chest wall 
and thickening of the neck muscles, which correlate with the respi- 
ratory phase. For some of our more recent studies, we have used a 
capnometer triggered with the scanner to give exact correlation, 


AJR:146, April 1986 CINE CT OF UPPER AIRWAY OBSTRUCTION 671 





Fig. 3.—Normal subject, hypopharynx. Little change in area during respiration. | = inspiration; E = expiration. 





Fig. 4.—Normal subject, extrathoracic trachea. No change in caliber during respiration. | = inspiration; E = expiration. 


though we have found no advantage and have not continued this 
practice. We have described this entire technique in detail elsewhere 
[8]. 

Observations were compared with standards derived from 10 
normals. The airway caliber was measured at all levels imaged. This 
was done by a trackball cursor using a window level of —400 and 


width of 10, giving a bistable image. Axial area was measured in 
inspiration and expiration. 

An eight-level set of scout images was obtained for each case. 
This could be used to adjust positioning and also to use as reference 
for airway motion. No “true” scout image is yet available for this 
scanner. 

(G 
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Results 


In our normal subjects, essentially all respiratory motion 
occurred at the laryngeal level. The narrowest part of the 
oropharynx does not collapse on inspiration (figs. 1 and 2). 
Likewise, the hypopharynx (fig. 3) and extrathoracic trachea 
(fig. 4) show no motion. The laryngeal vestibule, by contrast, 
decreases up to 70% in area on inspiration in normals (fig. 5). 
The area between the vocal cords shows negligible change 
(fig. 6). Average caliber of the airway at the various levels is 
summarized in table 1. Five normals underwent a Miller 
maneuver, inspiration against a closed glottis. This resulted 
in no change in airway caliber at any level imaged. 

Criteria of abnormality were (1) complete obstruction of the 
airway at any point; (2) greater than 85% decrease in area of 
Supraglottic airway coupled with 1 cm or more caudad excur- 





Fig. 5.—Normal subject, laryngeal vestibule. Marked decrease in area of 
laryngeal vestibule during inspiration (I). E = expiration. 
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sion of the larynx, (3) oropharyngeal airway area <20 mmĉ; 
and (4) 50% or more decrease in the area of the extrathoracic 
trachea. All of these changes were actually three or more 
Standard deviations from our normal values. 

The patients fall readily into two categories: sleep apnea 
patients and others. Among the four sleep apnea patients, 
each had significant abnormalities at cine CT, though none 
experienced any symptoms during scanning. A 51-year-old 
man, for example, totally occluded his airway with the tongue 
base on initial inspiration (fig. 7). He was totally unaware of 
this phenomenon, which was very brief and for which he 
presumably compensated when awake. At sleep study, he 
showed a very high number of apneic episedes accompanied 
by arterial oxygenation desaturation in the supine position 
only, findings typical of obstruction by the base of the tongue. 


TABLE 1: Normal Axial Areas in the Upper Airway During 
Breathing 


SS RS EE SS a 


Area (mm?) 
Region Mean + SD Range Motion 
Smallest area of 
oropharynx 187+62 152-192 None 
Hypopharynx just 
above 
valleculae . 288+90 223-401 None 
Laryngeal vestibule: 
Inspiration __. . TETE 72-101 2-8 mm cephalad 
Expiration 244 +52 147 + 280 2-8 mm caudad 
Extrathoracic 
trachea..... 264 + 61 202-362 None 


ES SS M a a E a SE 





Fig. 6.—Normal subject, glottis. Image sequence at vocal cords again shows no motion. | = inspiration; E = expiration. 
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Fig. 7.—Sleep apnea patient, oropharynx. Airway was totally occluded by base of tongue on initial inspiratory image. Patient was totally unaware of obstruction. 
Other images at this level are nornal. | = inspiration; E = expiration. (Arrow in second image has no relevance here.) 


Considering that this pheromenon was seen only on a single 
image and continued for less than 0.5 sec, it is unlikely that it 
could have been detected by conventional CT. Another sleep 
apnea patient, a 43-year-old man, obstructed his oropharynx 
totally on inspiration (images unfortunately not amenable to 
photography because of artifacts from multiple dental fillings), 
and a third patient decreased his oropharyngeal airway more 
than 85% with associated descent of the larynx on inspiration 
(fig. 8). The fourth sleep apnea patient showed an oropharyn- 
geal airway of <20 mm* axial area (fig. 9). This abnormality 
would have been readily apparent on conventional CT. On 
Muller maneuver, this patient totally obstructed, a finding seen 
in none of the normals. All three of these latter patients 
demonstrated severe sleep apnea at sleep study and two 
have improved markedly efter pharyngeal debulking surgery. 

Of the nonapneic patients, all had complaints of dyspnea. 
One had inspiratory stridor and tachypnea. She was a 53- 
year-old woman status post-neck dissection and radiation 
for metastatic breast carcinoma. Linear tomograms of the 
trachea were normal. Cine CT showed collapse of the lateral 
trachea! walls in a figure-eight pattern on inspiration (fig. 10). 
Subsequent endoscopy confirmed this, and biopsy revealed 
necrotic cartilage believec to be secondary to radiation and 
repeated intubation. 

Two patients were referred for symptoms related to 
asthma. One was a woman with a 30-year asthmatic history. 
She had upper airway noises on inspiration and expiration. A 
flow-voiume loop suggested a component of nonfixed upper 
airway ebstruction. Conventional fluoroscopy was attempted, 
but no definite abnormality was seen. At cine CT, her larynx 


was diffusely abnormal, the vestibule collapsing to pinpoint 
size on inspiration (fig. 11). Because of her marked tachypnea, 
she could not be studied by conventional CT. This abnormality 
was not studied further, but was believed to fit her clinical 
picture perfectly. 

The second asthmatic complained of upper airway noises 
on respiration. The flow-volume loop did not suggest any 
extrathoracic pathology. Cine CT study did not differ from our 
normals, although the patient was tachypneic, completing 
almost four full cycles in 5 sec. We were later informed that 
the study had been requested to reassure a patient consid- 
ered hysteric. Her tachypnea precluded conventional CT 
study. 

The last patient in our series was a 58-year-old woman 
with severe polychondritis and a tracheostomy in place for 8 
years. The steel tracheostomy precluded imaging the extra- 
thoracic airway, so a study of the 2 cm of trachea not 
containing tubing was performed. This patient, who com- 
plained of persistent dyspnea, collapsed her intrathoracic 
trachea to one-fourth its area upon expiration (fig. 12). This 
change in diameter would result in a sixteenfold increase in 
resistance [9]. Bronchoscopy later confirmed this narrowing, 
but without reliable quantification. 


Discussion 


Our results obviously represent early experience in explor- 
ing the potential of a new modality rather than the results of 
highly controlled experimentation. Nonetheless, we believe 
they permit a tentative evaluation of the benefits ene disad- 
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Fig. 8.—Sleep apnea patient. A, Oropharynx. Decrease in airway caliber during inspiration (I). E = expiration. B, Larynx. In first inspirator” image, level seen is 
laryngeal, while on expiration it is tracheal. This pattern indicates marked descent of larynx on inspiration. 


vantages of this technique in the evaluation of nonfixed upper levels of the airway. Radiation dose is low, 1.2 + 0.1 R (0.31 
airway disease. + 0.026 mC/kg) to the thyroid from a study sequence such 
The major advantage relative to fluoroscopy is clear dy- as that used here, by our dosimetry. This dose is comparable 
namic imaging in transverse orientation. This permits accurate to a single conventional CT image or a xeroradiograph and is 
Calculation of airway size and assessment of motion at all much lower than any but very brief fluoroscc py. 
@ 
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Fig 9.—Sleep apnea patient, oropharynx. Very small area. This abnormality can be detected easily on conventional CT. | = inspiration; E = expiration. 





Fic. 10.—Tracheal chondromalacia. Extrathoracic trachea collapses with inspiration (I). E = expiration. 


Relative to conventional CT, the dynamic capability is im- tachypneic and could not maintain a given phase of respiration 
portant for two main reasons. Very transient phenomena long enough for conventional CT image acquisition. 
(such as those shown in fig. 7) cannot be detected by con- Costs for such examinations have not yet been established, 


ventional CT. Further, all of our non-sleep-apnea cases were but currently are charged at the same rate as a conventional 
a ; 
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Fig. 12.—Polychondritis. Collapse of trachea on expiration (E) to one-half 
inspiratory (l) diameter would cause sixteenfold increase in resistance. Cursor 
outlines area for measurement. 


CT study of 10 to 20 slices, basically the same cost as 
conventional neck CT at our institution. This cost will probably 
fall as the average patient time in the scanning room is less 
than 10 min, making this a very efficient examination with a 
high patient throughput. 

We believe this application of cine CT has great potential. 
Asymptomatic patients with sleep apnea have shown marked 
dynamic abnormalities during normal breathing when awake. 
Of these, only one had an abnormally small airway at rest. 
This dynamic capability complements earlier reports of static 
anatomic abnormalities in such patients [2, 5, 10]. 

As with any nonconstant abnormality, the intermittent na- 
ture of variable upper airway obstruction allows false-negative 
examinations. Our non-sleep-apnea patients were all symp- 

® 
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tomatic when examined. Had they not been, presumably less 
profound abnormalities would have been tound. Yet even 
without symptoms, abnormalities were discovered. This is 
encouraging because other symptomless patients may be 
usefully examined. 

Overall, we believe that this quick, noninvesive, and simple 
examination has great promise. For screenng of suspected 
sleep apnea and in the evaluation of flow-volume loop-dem- 
onstrated variable upper airway disease, we consider cine CT 
a diagnostic method of choice. 
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Book 
Reviews 


A Handbook of Physics for Radiologists and Radiographers. By Derek Gifford. Chichester: Wiley, 632 pp., 


1985. $32 


This book attempts to present the important aspects of medical! 
imaging in a highly readable fashion by translating the physicist’s 
Jargon into plain English. 

It ls organized into three parts: Outline of Modern Physics, Appt- 
cations of Physics in Clinical Practice, and Radiation Protection. 

Part 1, Outline of Modern Physics, Includes sections on basic 
physics, apphed physics of radiology, and the detection and meas- 
urement of radiation. The author does a complete job of presenting 
the material in 200 pages. The very completeness of this part results 
in a rather condensed presentation. This section will mast Ekely be a 
useful reference for residents and technologists. 

Part 2, Applications of Physics in Clinical Practice, is also rather 
complete. it contains sections on radiologie equipment, radiographic 
techniques, applications of nuclear medicine, and ultrasound. It also 
has chapters that discuss other imaging methods such as computed 
tomography, xeroradiography and lonography, positron emission to- 


mography, magnetic resonance imaging and thermography. These 
sections could be used as a text for residents ard technologists. 
Part 3, Radiation Protection, is the true strergth of the volume. 
This has an excellent section on protection in the use of lonizing 
radiation. Topics Inchude the biological effects of radiation, radiation 
protection in hospitals, plus some suggested practical guidance for 
the radiologist. Protection in the use of nonlonizng radiation is also 
addressed. Here, topics include ultrasound, lasers, high-intensity 
magnetic fields, microwaves, and ultraviolet light. These sections are 
well written and thorough, and would be of use to all radiologic 
personnel. 
| recommend this book to anyone Interested in a practical discus- 
sion of radiation protection. 
Wiliam E. Moore 
Eastman Kodak 
Rechester, NY 14650 


Radiological Physicists. By Juan A. de! Regato. New York: American Institute of Physics, 188 pp., 1985. $25 


This is a collection of biographical essays that originally appeared 
in the International Journal of Radiation Oncology, Biology, Physics 
and were revised for this book. The lives of 10 physicists are expiored: 
Wilheim Conrad Röntgen, Maria Sklodowska Curte, Max Planck, 
Emest Rutherford, Willam Henry Bragg, Wiliam Duane, Niels Bobr, 
Jean Frederic Jofot, Arthur Holly Comptom, and Enrico Fermi. While 
the title Is elegantly concise, it is a trifle misleading in that few of 
these luminaries would have been eligible to present themselves for 
examination by the American Board of Radiology for certification in 
radiologic physics or any subfield thereof even though the field Is a 
product of their collective genius. it ls appropriate that the American 
Association of Physicists In Medicine supported the production of 
this book. 

The essays are written in a consistent, courtly style and illustrated 
with an excellent range of photographs and figures. The relationship 


between the subjects and the development of chysics during their 
lifetimes is effectively portrayed, not only by a udictous choice of 
facts, but also by weil chosen quotations from thesr writings in private 
letters and Informal asides. Each essay exhibits £ remarkable schol- 
arship in collating material with background evetts and coherence 
within the volume as a whole. 

The volume is well printed on good paper and ie a valuable addition 
to the library of anyone with any empathy with: the history of the 
intellectual basis of radiological physics. The glimpses of the social 
changes in the last 80 years are a bonus pleasure. 


Peter Wootton 
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MRI Evaluation of 
Mediastinal and Thoracic 
Inlet Venous Obstruction 





Fourteen patients with clinical and/or radiographic evidence of mediastinal or thoracic 
inlet venous obstruction were studied with magnetic resonance imaging (MRI) on a 0.35- 
T superconducting system using multislice spin-echo technique. The MRI examinations 
were retrospectively evaluated for their ability to provide information about the (1) 
presence, level, and cause of venous obstruction, (2) local extent of disease causing 
obstruction, and (3) presence of collateral venous pathways. The results were compared 
to the information available from correlative studies including CT (11) and venography 
(four). In each instance, MRI provided detailed information about the precise s'te and 
extent of venous obstruction. The specific cause of the obstruction was suggested by 
MRI findings in one case of teratoma and in one case of postradiation fibrosis. Otherwise, 
all masses had relatively prolonged T1 and T2 relaxation times and could not be 
differentiated on the basis of their MRI appearances. Transaxial images most clearly 
and unequivocally depicted patent and obstructed superior vena cavas (SVC). Enlarged 
venous collateral pathways were apparent in four cases. CT scans with intravenous 
contrast material in general provided information similar to that available with MRI, 
except in two cases where there was a discrepancy between CT and MRI concerning 
complete versus partial occlusion of the SVC. This initial study indicates that MRI can 
provide information about the presence, cause, and precise level of mediastinal and 
thoracic inlet venous obstruction. 


Obstruction of the superior vena cava (SVC) or thoracic inlet veins is a well 
known complication of malignancy but may also be the result of benign processes. 
Radiographic confirmation of the cause and level of venous blockage is usually 
necessary before therapy can be instituted. Various imaging techniques have been 
used to evaluate these patients including conventional venography, radionuclide 
scintigraphy, and computed tomography (CT) [1-5]. Although there have been 
several anecdotal cases in the literature of mediastinal and thoracic inlet venous 
obstruction, which were evaluated with magnetic resonance imaging (MRI) 
[6-10], a series of such patients has not previously been described. We present 
14 patients with clinical and/or radiographic evidence of SVC or thoracic inlet 
venous obstruction who were studied with MRI. The information available with MRI 
and the potential advantages compared with other imaging methods for evaluating 
these patients are discussed. 


Materials and Methods 


Fourteen patients with a clinical and/or radiographic diagnosis of mediastinal or thoracic 
inlet venous obstruction were studied with MRI. The primary diagnoses were lung carcinoma 
(six), teratoma (two), and lymphoma, fibrosing mediastinitis, radiation fibrosis, malignant 
thymoma, breast carcinoma, and systemic mastocytosis with an in-dwelling venous catheter 
(one each). Tissue confirmation was available in 12 cases, and clinical follow-up over an 8- 
month period provided confirmation in the patient with radiation fibrosis. Three patients each 
had repeat MRI after radiotherapy (two) or chemotherapy (one). Signs and symptoms of 
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Fig. 1.—SE gated/28 coronal image of 42-year- 
old woman with malignant thymoma (M). High-inten- 
sity thrombus (arrows) occludes superior vena cava 


Fig. 2.—66-year-old man with neck and upper-extremity swelling, jugular venous distension, and 
orthopnea. Biopsy showed undifferentiated large cell carcinoma. A, SE gated/28 transaxial image. Superior 
vena cava (arrow) is completely engulfed and narrowed by tumor, but is still patent. B, SE gated/28 


and extends into right atrium. At autopsy, it proved 
to be combination of tumor and soft thrombus. 


- = 
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Fig. 3.—64-year-old woman with facial swelling and syncope. Surgical 
biopsy proved oat cell carcinoma. A, SE 2000/28 sagittal image. Superior vena 
Cava (arrows) is engulfed and narrowed by mass, but lumen is still patent. B, 
SE 2000/48 coronal image. Superior vena cava appears to be completely 


venous obstruction were apparent in all but one instance, including 
swelling of the face, neck, and arms (11), venous distension (eight), 
ruddy cyanosis (four), orthopnea (10), and dizziness and syncope 
(seven). There were nine men and five women aged 16-74 years 
(median, 46). 

MRI was performed with a Diasonics MT/S imaging system oper- 
ating at 0.35 T. Multislice spin-echo (SE) technique was used with 
one or more of four pulse repetition times (TR = 500, 1000, 1500, 
2000 msec). Cardiac-gated images were also obtained for 11 pa- 
tients, in which case the TR was determined by the heart rate. 
Respiratory gating was not used. For each section, echo delay times 
(TE) of 28 and 56 msec were used. In-plane resolution was 1.7 mm. 


For most of the studies (11), each section was 7 mm thick and there 
ð 


coronal image. Entire length of narrowed superior vena cava (arrows) is depicted on one image. 





obstructed (arrow) because portion is out of imaged plane. C, SE 2000/28 
coronal image. Hemiazygous vein (arrow) is enlarged and functions as collateral 
pathway (confirmed with radionuclide venography). 


was a 3-mm gap between sections. More recently, a software up- 
grade has enabled us to obtain 10-mm-thick sections with 1-mm 
gaps or contiguous 5-mm-thick sections (three cases). 

The minimum study for each patient consisted of transaxial and 
coronal scans. Sagittal sections were also obtained in six cases. 
Coronal images were obtained on a 256 x 256 matrix. Transaxial 
and sagittal images were obtained on a 128 x 256 or 256 x 256 
matrix. All were displayed on a 256 x 256 matrix 

Quantitative relaxation times were not routinely calculated. Rather, 
qualitative relaxation time information (short, intermediate, long) was 
inferred by comparing images with two different TRs (for T1) or two 
different TEs (for T2). 

The MRI examinations were retrospectively evaluated by two 
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Fig. 4.—SE gated 800/28 transaxial image of 26- 
year-old man with mediastinal lymphoma and radia- 
tion therapy 2 years earlier. Patient presented with 
swollen left upper extremity and neck. MRI shows 
obstructed left innominate vein (errow) surrounded 
by relatively low intensity mass. Signal intensity of 
mass did not appreciably increase with doubling of 
TR (i.e., gating to every other hearbeat). Obstruction 
of left innominate vein was conirmed with radio- 
nuclide venogram. Mass has not changed in 8 months 
and presumably represents post radiation fibrosis. 


radiologists for (1) presence, level, and cause of obstruction, (2) local 
extent of disease causing obs:ruction, and (3) presence of collateral 
venous pathways. 

The results were then compared to the information available from 
correlative studies obtained within 2 weeks of MRI with no intervening 
therapy. These studies included CT with bolus injection of intravenous 
contrast medium followed by a drip infusion via unilateral antecubital 
vein (10 cases), CT without contrast medium due to prior anaphylactic 
reaction (one), conventional venography (one), and radionuclide ven- 
ography (three). In two cases in which there was no correlative 
radiologic study, follow-up MFI was obtained at 2 (one case) and 5 
(one) weeks, and autopsy confirmation was available for one of these 
patients. 


Results 


On the basis of the MRI findings, four patients had complete 
SVC obstruction (i.e., absence-of-flow void in the SVC) sec- 
ondary to encasement by tumor (two cases) or thrombosis 
(two) (fig. 1). Seven had ncomplete SVC obstruction (i.e., 
narrowed SVC lumen with residual area of flow void) either 
due to compression or encasement by contiguous mass (figs. 
2 and 3). Three patients had widely patent SVCs with ob- 
structed innominate veins (two) (fig. 4) or lymphedema with 
partial thrombosis of the right jugular vein (one). 

In each instance, MRI provided detailed information about 
the precise site and extent of venous obstruction and the 
local extent of the causative pathology. The cause of obstruc- 
tion was suggested in one case of teratoma by the appear- 
ance of fat within a mediestinal mass (fig. 5). Postradiation 
fibrosis was suggested as the cause of left innominate vein 





Fig. 5.—47-year-old woman with Ehlers-Danlos syndrome and new anterior mediastinal mass on chest 
film. Surgery demonstrated benign teratoma. A, CT with intravenous contrast medium shows large mass 
containing fat (arrowhead) and calcium (straight arrow). Superior vena cava (curved arrow) is patent but 
is compressed and displaced posteriorly. B, SE gated 700/28 transaxial image. Fat (arrowhead) has high 
signal intensity. Low-intensity areas in mass (straight arrow) were not prospectively recognized as calcium. 
Patent superior vena cava (curved arrow) was not appreciated without CT. 


obstruction in a patient treated for lymphoma by the presence 
of an engulfing mass with relatively long T1 and short T2 
relaxation times (fig. 4) [11]. Otherwise all of the masses had 
relatively long T1 and long T2 relaxation times and could not 
be differentiated by their MRI appearances. This included a 
case of fibrosing mediastinitis (fig. 6). 

In general, the transaxial images most clearly and un- 
equivocally depicted patent and obstructed SVCs. The coro- 
nal and sagittal images sometimes showed the entire SVC in 
one image (figs. 1-3), but partial-volume averaging and the 
out-of-plane course of the SVC occasionally gave a false 
appearance of an obstructed or narrowed SVC (fig. 3B). 

Enlarged venous collateral pathways were apparent in only 
four cases and included the hemiazygous vein (two) (fig. 3C), 
paravertebral veins (two), veins of the thoracoacromia! trunk 
(two), subcutaneous veins (two), intercostal veins (one), and 
axillary veins (one). Three of these patients had complete 
SVC obstruction and one had incomplete obstruction. 

Standard and radionuclide cavography cemonstrated the 
presence of obstruction and collateral pathways, but provided 
no information about the cause or extent of obstruction. 

CT scans with intravenous contrast material in general 
provided information similar to that available with MRI. How- 
ever, in one case, the SVC appeared to be entirely occluded 
on CT, whereas there was a small residual lumen visible on 
MRI. In another instance, the SVC appeared totally occluded 
on MRI but was only compressed on CT (fig. 5). CT also 
provided information about rib destruction (one case), cla- 
vicular head erosion (one), and the presence of calcifications 
in a mass (one) (fig. 5), which were not prospectively apparent 
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with MRI. In one patient, CT without intravenous contrast 
medium did not depict obstruction of the SVC and innominate 
veins, findings that were apparent with MRI. 

In the two patients who had repeat MRI after radiation 
therapy (malignant thymoma and bronchogenic carcinoma), 
there was noticeable shrinkage of the tumors, but SVC ob- 
struction was not relieved. These findings correlated with the 
patient's clincial status in which SVC syndrome persisted. 
One patient with lymphoma had repeat MRI after 1 week of 
chemotherapy, which showed a considerable reduction in 
tumor size (fig. 7) and relief of venous obstruction. 


Discussion 


The characteristic set of symptoms and signs that result 
from obstruction of the SVC is known as the SVC syndrome. 
Malignancies (particularly primary lung tumors, lymphoma, 
and metastatic disease) are the most common causes of SVC 
syndrome, but benign causes (including fibrosing mediastini- 
tis, radiation fibrosis, and in-dwelling intravascular devices) 
are not uncommon [1]. The same factors may result in 
obstruction of other veins in the thoracic inlet. 
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— Fig. 6. —28-year-old woman with 2-year history of 
right neck pain and swelling and superior mediastinal 
mass. Two biopsies (1 year apart) demonstrated fi- 
brosis and chronic inflammation, which were thought 
to be consistent with diagnosis of fibrosing mediastin- 
itis. A, SE 500/28 transaxial image. Superior vena 
Cava (s) and left innominate vein are encased and 
narrowed by mass. On this relatively T1-weighted 
image, mass has lower signal intensity than medias- 
tinal fat (arrow). B, SE 1500/28 transaxial image. On 
this more T2-weighted image (at level slightly below 
that of A), signal intensity of mass has increased and 
is not clearly differentiated from mediastinal fat. 


Fig. 7.—35-year-old man with lymphocytic lym- 
phoma, neck swelling, jugular venous obstruction, 
and orthopnea. A, SE gated 1200/28 transaxial im- 
age. Large anterior mediastinabmass engulfs superior 
vena Cava (S) and narrows innominate vein (arrow) 
and trachea (t). Left pleural effusion (E) is also pres- 
ent. A = aorta. B, SE gated 1400/28 transaxial image. 
After 1 week of chemotherapy, mass is much smaller, 
innominate vein (arrow) and trachea (t) are widely 
patent, and pleural effusion is gone. Concurrently, 
patient's signs and symptoms improved. 


Several imaging techniques have been used to evaluate 
patients with obstruction of the SVC and its tributaries. Radio- 
nuclide venography can document venous obstruction and 
the presence of venous collateral pathways. However, it 
requires a venous injection, anatomic detail is poor, and it 
provides no information about the cause or extent of block- 
age. Conventional venography is the definitive method of 
demonstrating SVC obstruction and collateral venous chan- 
nels [5]. However, in cases of bilateral obstruction, especially 
if there is extension distal to the SVC, it may be necessary to 
inject both arms simultaneously. Furthermore, venography 
may not provide information about the cause or extent of 
blockage. 

More recently, contrast-enhanced CT has been advocated 
as the initial procedure of choice in suspected mediastinal 
venous obstruction [3, 4]. CT can provide detailed anatomic 
information about the site and extent of an obstructing throm- 
bus or mass. Usually, morphologic criteria such as evidence 
of invasion or metastases are used to suggest malignancy, 
while the presence of extensive calcification of a mass or 
nonfocal tracheal narrowing often indicates a nonneoplastic 
process [12]. In addition, intraluminal filling defects may be 


~~ 
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seen with contrast-enhanced CT in normal veins because of 
dilution by unopacified blood and displacement of intraluminal 
contrastmaterial peripherally by laminar flow [3]. The mixture 
of blood opacified by contrest material injected into the basilic 
or cephaic veins with nonopacified blood from the jugular and 
azygous veins can cause such great dilution that the SVC is 
not well opacified [4]. Some collateral routes may opacify in 
the absence of SVC obstruction if the intravenous pressure 
is raisec with a bolus injection [3], with elevated right-sided 
pressure [13], or due to the flow profile in the supine position 
[14]. Anether potential pitfall with CT is that opacified venous 
collaterats can be mistaken for enlarged lymph nodes [3]. 

The results of our study indicate that MRI may be useful in 
the evaluation of patients with mediastinal venous obstruc- 
tion. In sach instance, MRI provided detailed information 
about the precise site and extent of venous compromise. On 
transaxial images, the low-intensity tubular SVC is always 
identifiable, unless it is occluded. Coronal and sagittal images 
can alsoedepict SVC obstruction but less reliably. Because of 
the 7-mm slice thickness and 3-mm gap between contiguous 
slices that we used at the time most of these studies were 
performed, the full thickness of a longitudinally oriented struc- 
ture may not be included in a single coronal or sagittal image. 
In this situation, the SVC may appear to be partially or totally 
obstructed wher in fact it is patent. Thus, sagittal and/or 
coronal images should not replace transaxial images for the 
MRI evaiuation of patients with SVC syndrome. However, 
previous reports have claimed that coronal images and sag- 
ittal images may provide important information about regions 
other than the veins [10, ~5, 16] and may be useful as an 
adjunct to transaxial images in selected cases. 

Cohen et al. [6] described a patient in whom SE images 
showed tumor invasion of tre SVC that was not demonstrated 
on CT scans. In our study, MRI and CT provided similar 
capabilites for detecting SVC obstruction. However, in one 
case, the SVC appeared tc be entirely occluded on CT. The 
tiny patent lumen was not appreciated because it was inti- 
mately related to. an isodense soft-tissue mass that enhanced 
similarly. On MRI, the patent lumen was visible. In another 
case where the SVC was ccmpressed by a benign mediastinal 
mass, the small contrast-enhanced patent lumen was readily 
apparent on CT, but was not detectable on MRI, probably 
due to its position immedieétely adjacent to another vascular 
structure (the right pulmonary artery) and the relatively poorer 
Spatial resolution of MRI (fig. 5). 

In general, we currently use the same morphologic criteria 
with MR! and CT to distinguish between benign and malignant 
masses. The MRI signal cheracteristics of mediastinal masses 
do not seem to offer any edvantage in comparison with CT 
for arriving at a specific histologic diagnosis. The one possible 
exception is fibrosis. A relatively long T1 relaxation time and 
a short T2 relaxation time are said to be characteristic of 
fibrosis or calcified tissue (as opposed to most malignant 
tumors, which demonstrate relatively long T1 and T2 relaxa- 
tion times) [9-11, 17]. Our single case of radiation fibrosis 
fulfilled ese criteria (fig. 4). The capability to distinguish 
tumor frem radiation fibrosis with MRI is not usually available 
with CT. and it has important implications for the diagnosis 
and treatment of patients with clinical evidence of thoracic 
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inlet venous obstruction. However, in our case of fibrosing 
mediastinitis, there was a noncalcified mediastinal mass that 
extended into the shoulder and demonstrated relatively long 
T1 and T2 relaxation times (fig. 6). The mass had been present 
for at least 3 years, and two separate surgical biopsies (1 
year apart) demonstrated fibrosis with chronic inflammation. 
No Histoplasma organisms were demonstrated in the tissues 
and the cause has not been determined. Previous reports 
have described patients with fibrosing mediastinitis in whom 
the masses or adenopathy had relatively long T1 and short 
T2 relaxation times [9, 10]. In our case, the presence of a 
high proportion of inflammatory cells and absence of calcium 
within the fibrous tissue may have resulted in a relative 
prolongation of T2, and one might speculate that the T2 of 
fibrotic tissue (due to radiation, fibrosing mediastinitis, or scar) 
may depend on its degree of calcification, age, cause, hydra- 
tion, collagen content and structure, and mixture with other 
cellular elements. Thus, it is probable that not all fibrotic 
masses (as our case illustrates) will demonstrate the charac- 
teristic long T1 and short T2 relaxation times, making it 
impossible to diagnose fibrosing mediastinitis on the basis of 
MRI appearance and relaxation times in every instance. 

The inability to visualize calcium is a distinct disadvantage 
with MRI, not only for detecting calcifications in mediastinal 
masses but also in detection of osseous destruction. Fur- 
thermore, since tissue samples are usually required for defin- 
itive diagnosis of mediastinal masses, CT has the added virtue 
of use for guidance of percutaneous biopsies, a capability not 
presently available with MRI. An additional disadvantage of 
MRI compared to CT is the decreased sensitivity in detection 
of small lung nodules [18, 19]. 

In conclusion, this initial study indicates that MRI may be 
an informative and noninvasive method for the evaluation of 
patients with clinical evidence of mediastinal or thoracic inlet 
venous obstruction. MRI can provide information about the 
presence, cause, and precise level of blockage, but CT is still 
the best method for detecting calcifications in masses. These 
capabilities may permit a completely noninvasive evaluation 
of many patients with SVC syndrome while obviating conven- 
tional or radionuclide venography and contrast-enhanced CT. 
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CT of Subpulmonic Pleural 
Effusions and Atelectasis: 
Criteria for Differentiation from 


Subphrenic Fluid 





The ability to distinguish intrathoracic from intraabdominal fluid collections has im- 
portant therapeutic implications. In the setting of peridiaphragmatic fluid collections CT 
accurately distinguishes between pleural and subphrenic fluid collections in most cases. 
Subpulmonic effusions represent a potential pitfall to CT diagnosis, however, because 
the atelectatic basilar lung segments appear on axial CT sections as a curvilinear band 
density that simulates the hemidiaphragm. Fluid found anterior to this “pseudcodia- 
phragm” will erroneously be diagnosed as subphrenic unless the atelectatic lung is 
recognized as such. New CT observations are reported that allowed confident diagnosis 
in 18 consecutive cases of subpulmonic effusions. The atelectatic lung was distin- 
guished from the diaphragm because the atelectatic band appeared thickened (17 of 
18 cases), tapered laterally (14 of 18), was interrupted rather than continuous (17 of 18), 
and could be followed in contiguous cephalad sections into lung that was confidently 
recognized by the presence of gas bubbles or air bronchograms (12 of 18). 


Computed tomography (CT) has proven to be of value in distinguishing intra- 
thoracic from intraabdominal fluid collections, with important and obvious implica- 
tions for the choice of drainage procedure. Several CT criteria have been reported 
to be of use in distinguishing pleural effusions from subphrenic collections and 
accurately allow diagnosis in most cases [1-5]. Because the diaphragm forms the 
boundary between the thoracic and abdominal cavities, its identification on CT 
scans is the most reliable criterion for fluid localization. Subpulmonic pleural 
effusions are a source of potential misdiagnosis on CT because atelectatic basal 
lung segments may simulate the appearance of the diaphragm on axial CT sections 
[6, 7]. Fluid found anterior to or within the confines of this “pseudodiaphragm” 
might erroneously be considered to be subphrenic. We report the CT findings in 
18 cases of subpulmonic effusions and describe criteria that allow accurate 
distinction from subphrenic fluid collections. 


Materials and Methods 


We retrospectively reviewed CT scans of peridiaphragmatic fluid collections that had been 
obtained over a recent 3 year period. Straightforward cases of pleural effusions and ascites 
were excluded from further evaluation. Eighteen patients who had subpulmonic effusions 
with CT features that simulated subphrenic fluid collections form the basis of this report. 
Another four patients had subphrenic inflammatory fluid collections (three abscesses, one 
multiloculated pancreatic pseudocyst) with associated pleural effusions that shared some 
common CT features with the subpulmonic effusions; these are discussed for comparison. 

The 18 patients with subpulmonic effusions had a total of 20 CT scans. There were 13 
men and five women with an age range of 21-90 years (mean 55). The scans were obtained 
on a GE 8800 or 9800 scanner with contiguous 10 mm sections through the lower thorax 
and upper abdomen, usually obtained after intravenous infusion of 100-150 ml of 60% 
urographic contrast material by drip infusion or sustained bolus infusion. 

Confirmatory evidence was by response to thoracostomy (three cases) or subphrenic tube 
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Fig. 1.—A, Atelectatic band (arrow) separates pleural fluid in posterior 
sulcus (PE) from subpulmonic effusion (*). Note hazy interface with liver surface 
and thick, tapered, discontinuous appearance of pseudodiaphragm. B, 15 mm 
cephalad. Air within broad medial segment adjacent to curvilinear band, iden- 
tifying it as atelectatic lung. C, Parasagittal sonogram in sitting position. Broken 





Fig. 2.—Atelectatic band appears thickened, tapers laterally, and does not 
continue to body wall. It separates subpulmonic (SPE) from posterior sulcus 
(PE) fluid. 


drainage (three), real-time sonographic examination (six), character- 
istic CT findings, and chart review. 


Results 


All 18 patients with subpulmonic effusions also had “typical” 
pleural effusions in the posterior costophrenic sulcus in the 
ipsilateral hemithorax. The subpulmonic effusions were on 
the right side in 14 patients and on the left in four. Five 
patients had concomitant ascites, one with hemoperitoneum 


and one had a subphrenic abscess. 
® 
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line indicates approximate level of A. True diaphragm is bright echogenic line 
(open arrow) on surface of liver (Liv). Pleural fluid appears as anechoic area 
above diaphragm. Atelectatic basilar lung segments appear as triangular or 
tongue-shaped structure (curved arrow) surrounded by fluid. POST = posterior; 
ANT = anterior. 


The hallmark of the subpulmonic effusions was the pres- 
ence of a crescentic or curvilinear stripe or band density that 
mimicked the hemidiaphragm on axial CT sections, but was 
found to represent atelectatic basal lung segments sur- 
rounded and compressed by pleural fluid (figs. 1-3). The 
“pseudodiaphragm” seemed to originate near the spine or 
aorta and appeared thicker than the true diaphragm in 17 of 
18 cases (figs. 1 and 2). The atelectatic lung varied from a 
few millimeters to more than a centimeter in thickness, in- 
creasing in thickness on sequentially more cephalad sections 
as more lung was included in the sections. Contiguity of the 
atelectatic band with aerated lung was the most direct and 
reliable criterion for accurate diagnosis (figs. 1 and 3). The 
presence of gas bubbles or air bronchograms was considered 
diagnostic and was found in 12 of 18 cases, always on 
sections 1-3 cm cephalad to the atelectatic segments. The 
atelectatic band was also noted to be thicker medially and to 
taper laterally in 14 of 18 cases (figs. 1 and 2). 

Another distinguishing feature was the discontinuous na- 
ture of the atelectatic band (figs. 1 and 3). While the true 
diaphragm appears as a continuous curvilinear stripe that 
encases upper abdominal contents and can be traced to the 
thoracoabdominal wall on caudad sections (figs. 3 and 4), the 
pseudodiaphragm (atelectasis) was often discontinuous, ta- 
pering or ending abruptly within the pleural effusion in 17 of 
18 cases. The true diaphragm was present on the same CT 
section as the atelectatic lung in only two of 18 cases, but 
could be identified on more caudad CT sections in another 
10 cases. 

When abdominal viscera were present on the same CT 
section as the subpulmonic effusion, the interface between 
the fluid and the visceral surface appeared blurred or hazy in 
all eight cases (fig. 1). This hazy interface was also noted 
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Fig. 3.—A, Atelectatic left lower lobe with air bronchograms and large 
pleural effusien. B, 15 mm caudad. Atelectatic lung (curved arrow) appears as 
discontinuous curved stripe. Note pavietal pleura (straight arrow) that may also 
simulate diaphragm on occasion. SPE = subpulmonic effusion. C, True dia- 


phragm (arrow) appears on more caudal section as undulating but continuous 
stripe lying adjacent to spleen (S) and other abdominal contents. Hazy interface 
between pleural fluid and spleen surface. 





Fig. 4.—Subphrenic abscess simulating subpulmonic effusion. The patient 
had prior spiznectomy and was hospitalized with mediastinal abscess from 
ruptured distal esophagus. A, Mediestinal and left pleural fluid are apparent. 
Fluid (A) anterior to atelectatic left lower lobe marked by air bronchogram 
closely resembles subpulmonic effus-on, but curvilinear stripe (arrow) is noted 


between the viscera and the fluid in the posterior costophrenic 
sulcus in 15 of 18 cases (fig. 3). The absence of intraabdom- 
inal fluid ir 12 of 18 cases was another CT finding that was 
helpful in identifying subpulmonic effusions. 

In the sx cases in which sonography was performed, the 
diagnosis of subpulmonic effusion was confirmed in each 
case, though this was never the specific indication for the 
study. The diaphragm was dentified as a curvilinear bright 
echogenic structure, and the subpulmonic and costophrenic 


to be continuous. B, 10 mm caudad. Fluid collection is larger while posterior 
sulcus pleural fluid becomes smaller. C, 20 mm caudal to B. Pleural fluid is no 
longer seen. Fluid collection is larger still and represents subphrenic abscess, 
contained by continuous curved stripe (arrow) that represents diaphragm. 


sulcus fluid were anechoic areas cephalad to the diaphragm 
that surrounded a triangular or tonguelike segment of atelec- 
tatic lung (fig. 1C). 

The CT scans of four patients with subphrenic inflammatory 
fluid collections (three abscesses and one multiloculated 
pseudocyst) that were associated with pleura! effusions were 
also analyzed for comparison. None proved to have a sub- 
pulmonic effusion with atelectasis, though certain CT features 
were noted in common. On individual CT sections it was often 
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impossible to distinguish whether a fluid collection was lo- 
cated central to the diaphragm (subphrenic) or to the atelec- 
tatic pseudodiaphragm (subpulmonic) (fig. 4). Sequential 
caudad CT sections, however, demonstrated progressive 
enlargement of the true subphrenic fluid collections and dim- 
inution of the pleural fluid in the posterior pleural recess. The 
diaphragm was identified as a thin continuous stripe that 
encased the subphrenic fluid collections in all four cases (fig. 
4). Conversely, cephalad CT sections failed to identify lung 
mimicking the diaphragm. 


Discussion 


Peridiaphragmatic fluid collections are common, and sub- 
phrenic and pleural effusions may occur concomitantly. Clini- 
cal and plain radiographic evaluations rarely allow differentia- 
tion, but accurate diagnosis is critical to directing thoracos- 
tomy tubes or other interventional drainage procedures. 

CT has been shown to accurately define the normal peri- 
diaphragmatic anatomy and to help distinguish pleural from 
subphrenic fluid collections in most cases [1-5]. Because the 
diaphragm represents the interface between the thorax and 
abdomen, its identification on CT sections is the most direct 
and accurate means of localization. Pleural fluid lies posterior 
and lateral to the diaphragmatic crura, while abdominal fluid 
lies within the confines of the diaphragm. Fluid collections in 
the posterior pleural recess extend medially to lie near the 
vertebral column and displace the diaphragmatic crura ante- 
riorly and laterally. 

Identification of the diaphragm and peridiaphragmatic fluid 
collections is complicated in several situations, however, in- 
cluding thickened parietal pleura being mistaken for the dia- 
phragm, inversion of the diaphragm, and subpulmonic effu- 
sions with atelectatic lung simulating the diaphragm [3-6]. 

Pleural thickening commonly results from infectious or neo- 
plastic processes and can simulate the diaphragm on axial 
CT sections. Pleural changes resulting from empyema have 
been described and can be differentiated from the diaphragm 
and subphrenic processes by close scrutiny of contiguous 
CT sections and recognition of characteristic findings, such 
as the “split pleura” sign [7]. Alexander et al. [3] have de- 
scribed the potential for a large pleural effusion with an 
inverted diaphragm to simulate peritoneal fluid, but point out 
that sequential caudad sections will show a series of decreas- 
ing concentric circles or ovals as the most caudal part of the 
hemidiaphragm is reached. 

Several authors have identified subpulmonic effusion with 
atelectatic lung as a potential source of diagnostic error but 
have not developed CT criteria to avoid misdiagnosis [5, 6]. 
We noted several characteristics of the pseudodiaphragm 
(atelectatic lung) that allowed differentiation from the true 
diaphragm. While not all of these characteristics were pres- 
ent in any individual case, multiple findings were encountered 
in each case that allowed confident diagnosis. The atelectatic 
band appeared excessively thick, originated medially near the 
Spine, tapered laterally, and often appeared discontinuous, 
ending in the pleural fluid rather than continuing as a curvilin- 
ear stripe. The true diaphragm could be identified as a sepa- 
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rate structure in 12 (67%) of 18 cases, although it was 
identified on the same CT section as the atelectatic lung in 
only two cases. Continuing CT sections through the upper 
abdomen was thus helpful in distinguishing pleural from peri- 
toneal fluid by identifying the diaphragm, and also by exclud- 
ing abdominal fluid collections in most cases. When abdominal 
fluid collections were also present, the upper abdominal CT 
sections were even more important in showing progressive 
diminution of the pleural fluid collections as the most caudad 
extent of the hemidiaphragm was approached, while the 
subphrenic fluid collections appeared progressively larger (fig. 
4). Continuing scans cephalad is equally important. Identifying 
the atelectatic lung is possible when contiguous cephalad 
scans show the curvilinear band becoming thicker, with gas 
or air bronchograms appearing as more lung tissue is included 
on the CT section. 

Other authors have identified a hazy interface with abdom- 
inal visceral surfaces as an important sign of the pleural 
location of an adjacent fluid collection [2]. This proved helpful 
in some of our cases as well. When the subpulmonic effusion 
was present on the same CT section as liver or spleen and 
appeared contiguous to it, the interface was hazy in all eight 
cases. 

We cannot directly compare our CT results with sonogra- 
phy because few patients had both studies. If technically 
adequate scans can be obtained and the sonographic beam 
can reach the diaphragm, then sonography is a simple and 
accurate procedure. The diaphragm is clearly identified as an 
echogenic band, and fluid collections are anechoic areas that 
can be accurately localized as supra- or subdiaphragmatic. 
With subpulmonic effusions, the atelectatic basilar lung seg- 
ments appear as a triangular or tonguelike protrusion of 
echogenic tissue within the fluid. Adequate sonographic eval- 
uation is difficult, however, when patients are unable to take 
a deep inspiration, have extensive abdominal gas, a left 
subphrenic abscess (especially after splenectomy), or other 
barriers to acoustic windows. 

We conclude that CT remains an accurate means of diag- 
nosing peridiaphragmatic fluid collections. Subpulmonic effu- 
sions with atelectatic lung are the most common potential 
source of misdiagnosis in our experience, but proper attention 
to scanning technique, anatomy, and the characteristic CT 
criteria that we report should allow confident diagnosis in 
nearly all cases. 
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The Metabolism of the Human Brain Studied with Positron Emission Tomography. Edited by Torgny Greitz, 
David H. Ingvar and Lennart Widén. New York: Raven, 507 pp., 1984. $98 


This volume is based on the proceedings of the Seventh Nobel 
Conference held in Sweden in May 1983. The 43 chapters provide 
exhaustive and state-of-the-art coverage of metabolic imaging of the 
brain by positron emission tomography (PET). Clinical brain research 
has taken a quantum step forward through the recent development 
of noninvasive imaging methods for measuring regional brain function. 
These proceedings are a useful summary of state-of-the-art imaging 
of brain metabolism that will be particularly valuable to AJR readers 
now that PET is moving from the exclusive realm of research depart- 
ments to the practical arena of clinical diagnosis. 

The book is organized topically into 10 sections covering the basic 
technology of PET and its use in studying the human brain. The eight 
papers on tomographic instrumentation are uniformly well done and 
present a fair overview of the diverse opinions on the current and 
anticipated developments in imaging devices. The three papers on 
radiopharmaceuticals are much less comprehensive and will not 
provide a useful overview to those not already informed in the field. 
For me the highlight of the volume was the many chapters on tracer 
kinetic modeling, the key to the wealth of biochemical and physiologic 
information available from the PET scan. This section will be appre- 
ciated by both expert and novice and is introduced nicely by the 
chapter “Basic Principles Underlying Radioisotopic Methods for Assay 
of Biochemical Processes In Vivo” by Louis Sokoloff and Carolyn 


Smith. It is followed by several chapters on medeling of brain blood 
flow, energy metabolism, protein synthesis, receptor analysis, and 
regional pH. In all, 15 chapters are devoted to modeling and they 
present an accurate overview of the strengths and the pitfalls of 
current approaches to PET mathematical models. Two of these 
deserve special recommendation. These are the chapter “Measure- 
ments of Brain Glucose Utilization in Pathological States: Problems 
and Pitfalls” by Martin Ingvar and Professor Bo SiesjO and the 
discussion between Louis Sokoloff and Albert Gjedde that summa- 
rizes their views concerning the lumped constant which is so impor- 
tant to the modeling of deoxyglucose equilibrium images. 

The volume closes with three sections on applications of brain 
metabolic measurements to studies in basic brain physiology, neu- 
rology, and psychiatry. These 17 chapters may prove the most 
interesting to an AJA reader who is still uninitiated in PET metabolic 
imaging. They describe studies of sensory stimulation, brain tumors, 
cerebrovascular diseases, dementias, depression, and schizophrenia 
and document the possibility of PET evolving into an important 
diagnostic tool of practical value. 


Kenneth A. Krohn 
University of Washington 
Seattle, WA 98195 


Pocket Atlas of Normal Ultrasound Anatomy. By Matthew D. Rifkin and Larry Waldroup. New York: Raven, 70 


pp., 1985. $12.50 


This book, as noted in its title, is a short pocket-sized atlas of 
normal ultrasound anatomy. It is divided into four sections: neck, 
abdomen, male pelvis, and female pelvis. Each section has a series 
of images in longitudinal and transverse planes through the area of 
interest. 

The authors note, “The majority of the images are performed with 
a static scanner in order to present cross-sectional spatial relation- 
ships of the organs.” The quality of the images is excellent. Immedi- 
ately below each is a schematic labeled drawing of the anatomy. This 
format is very effective as it keeps distracting labels and arrows off 
the reprinted sonograms. 


This pocket reference is well done and provides a handy guide to 
normal sonographic anatomy of the neck, abdomen, and pelvis. | 
think it will be useful for students, technologists, residents, and 
radiologists who are new to sonography. It will probably be of less 
use to those with more diagnostic ultrasound experience. 


Steven K. Sargent 
Dartmouth Hitchcock Medical Center 
Hanover, NH 03756 
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Computed Tomography of 
Gastrointestinal 
Inflammation after Bone 
Marrow Transplantation 





Overwhelming secretory diarrhea can be a major complication after bone marrow 
transplantation, associated usually with acute graft-versus-host disease (AGVHD). Ra- 
diographic evaluation may be hampered by nausea, vomiting, or debilitation. Computed 
tomography (CT) in seven such patients demonstrated diffuse wall thickening in the 
small intestine, colon, and/or mesentery. In two cases, prolonged adherence of oral 
contrast material to the luminal surface resulted in bizarre patterns of coating. In two 
others, a layer of low attenuation within the thickened wall produced a target appearance 
consistent with submucosal edema or hemorrhage. Small bowel dilatation and fold 
enlargement was the only finding in one patient. The role that superinfection of the 
gastrointestinal tract with opportunistic organisms can play in this immunocompromised 
group of patients is less well established. In this group of patients, the findings were 
due to AGVHD in two, AGVHD and viral enteritis in two, and viral enteritis alone in three. 
CT may be an alternative to routine contrast studies in assessing the extent of gastroin- 
testinal tract involvement after bone marrow transplantation. Neither contrast studies 
nor CT were able to differentiate between AGVHD and viral enteritis. 


Bone marrow transplantation is gaining increasing application in the treatment 
of leukemia, lymphoma, aplastic anemia, and some metabolic disorders of the 
hematopoietic system. After transplantation, acute graft-versus-host disease 
(AGVHD) affects 50%-70% of allogeneic transplants, with a fatal outcome in up to 
15% [1-4]. AGVHD occurs when the immunocompetent donor effector cells mount 
an immunologic attack on the immunocompromised host, resulting in abnormalities 
in certain target organs, primarily the skin, the liver, and the gastrointestinal tract, 
resulting in skin rash, hepatic dysfunction, and diarrhea [5]. When the gastrointes- 
tinal tract is involved, the degree of involvement tends to parallel the degree of skin 
and liver involvement. Gastrointestinal involvement can be confirmed by rectal 
biopsy [6, 7]. 

Less well recognized is that the post-bone-marrow transplantation population is 
also at risk for overwhelming gastrointestinal infection with opportunistic organisms, 
which can also result in profuse diarrhea [8-14]. 

Radiographic evaluation of such patients usually includes oral or rectal contrast 
studies that may be limited or nondiagnostic due to severe debilitation. We present 
seven patients with severe diarrhea following bone marrow transplantation who 
were evaluated by computed tomography (CT) in an attempt to assess the extent 
of gastrointestinal involvement. The findings were correlated with oral contrast 
studies when available. 


Materials and Methods 


The seven patients consisted of five women and two men with an age range of 18-29 
years (mean 22 years). Reasons for transplantation were acute myeloid leukemia, three 
patients; T-cell lymphoma, aplastic anemia, promyelocytic leukemia, and acute monocytic 
leukemia, one patient each. CT scans were obtained 22-187 days posttransplantatign (mean 
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Fig. 1.—Case 1, 21-year-old woman who developed severe 
diarrhea 19 days posttransplantation. A, 8 hr film from small 
bowel series. Gastric atony and dilatation with unusual coating. 
Small intestine shows ribbonlike loops of bowel and multiple loops 
in right lower quadrant with a castlike appearance of lining. Colon 
appears edematous on right side and ahaustral on left. B, CT 
scan. Abnormal coating of many loops of small intestine, coating 
appearing as circles in cross section, or parallel tracks longitudi- 
nally. C, 19 days later. Continuing abnormal coating of lining of 
small intestine with increasing wall thickening and decreasing 
luminal diameter compared with previous scan. Wall of cecum is 
also thickened and increased density of pericolonic fat is com- 
patible with mesenteric inflammation. In addition, mesentery ap- 
pears thickened and beaded. 


84 days). Indications for scanning were variable, most being per- 
formed either after a nondiagnostic contrast study or to exclude an 
intraabdominal process such as pelvic abscess or fistula. 

Scanning was performed on a third-generation Siemens Somaton 
DR3 scanner with scanning parameters of 125 kVp, 230 mAs, 3.2 
sec, and 8 mm collimation. Scans were obtained at 1-1.5 cm intervals 
from diaphragm to symphysis pubis with additional scans as deemed 
necessary. No intravenous contrast material was used. Oral contrast 
material, given in only three cases (cases 5-7), consisted of 500 ml 
of a flavored solution of 3% Hypaque over a 1 hr period prior to 
scanning with an additional 250 ml immediately before the study. 
Two of the three patients vomited most of the oral contrast material. 
Scans in cases 1 and 2 were obtained after a small bowel series with 
no additional oral contrast material, in case 1 24 hr after the oral 
barium and in case 2 6 hr after a limited small bowel series. Scans 
were obtained without oral contrast material in cases 3 and 4. Repeat 
CT scans were obtained 16-25 days later in three patients (cases 1, 
3, and 4) with persistence or worsening of the degree of bowel 
involvement. Barium contrast studies were performed within 3 days 
of the CT scans in five of the seven cases (cases 1-5). Comparison 
with pathologic biopsy material was made when possible. The pres- 
ence of AGVHD and superinfection with enteric virus was determined. 
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Representative Case Report 


Case 1 


A 21-year-old woman with acute myelocytic leukemia in first re- 
mission was admitted for allogeneic bone marrow transplantation. 
Preparative regimen included busulfan, cyclophosphamide, cyclo- 
sporine, and Acyclovir. On day 19 posttransplantation, profuse diar- 
rhea began, with a skin biopsy consistent with grade Il GVHD. 
Contrast-enhanced studies demonstrated an atonic dilated stomach, 
rapid small bowel transit, fold enlargement, separation of loops, 
ribbonlike ileum, edema in the right colon, and an ahaustral left colon 
(fig. 1A). An abdominal radiograph the next day showed gastric 
dilatation and persistent coating in the stomach and distal small 
bowel. CT with no additional oral contrast material demonstrated 
contrast material adherent to the luminal surface of the stomach and 
thickened small-bowel loops (fig. 1B). The cecal and descending 
colon wall appeared thick, as did the mesentery. The above findings 
were believed to be consistent with intestinal AGVHD. 

Three weeks later, after treatment for AGVHD, with continuing 
diarrhea and skin biopsy demonstrating grade IIl AGVHD, contrast- 
enhanced studies demonstrated a normal stomach and continued 
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Fig. 2.—Case 2, 22-year-old woman 58 days posttransplantation for acute 
myeloid leukemia. CT scan. Wall thickening in several loops of small intestine. 
Parallel coating of opposite walls of inflamed bowel. 


abnormality in small bowel and right colon. The next day, CT without 
additional oral contrast material demonstrated persistent small bowel 
coating, with increased wall thckening and decreased luminal size 
compared with the previous study (fig. 1C). The stomach appeared 
normal. 

One week later, when the diarrhea had become hemorrhagic, stool 
cultures were positive for adenovirus. She died 5 days later; at 
autopsy, there were 2 L of altered blood in the small and large 
intestine forming intraluminal casts. There was diffuse villous flatten- 
ing in the small bowel, multiple jajunal ulcers, and diffuse submucosal 
hemorrhage in the colon. Cause of death was determined as a 
combination of AGVHD, disseminated candidiasis, interstitial pneu- 
monia, and superinfection with 2nterovirus. 


Results 


Ten CT scans were obtained in seven patients, repeat 
scans being available in three patients 16-25 days after the 
initial scans. 

Findings including thickening of the small bowel wall (six 
patients), colon wall (five patients, with pericolic haziness in 
three patients), and gastric wall (two patients). In one patient, 
there was increased attenuation within the gastric wall com- 
patible with intramural hemorrhage. In the seventh patient, 
there was small-bowel fold enlargement and dilatation. Other 
findings included mesenteric thickening (six patients), result- 
ing in a beaded appeararce in three patients and small 
mesenteric nodes (three patients). Findings unrelated to the 
gastrointestinal tract included kidney enlargement with renal 
failure (three patients), fatty infiltration of the liver (two pa- 
tients), and ascites (two patents). 

Unusual coating abnormelities were found in two patients 
(figs. 1B, 1C, and 2) (cases 1 and 2), consisting of adherence 
of orally administered barium (administered 24 hr and 6 hr 
earlier, respectively) to the luminal surface of the abnormal 
small bowel (and stomach in one patient). Instead of the 
lumen being filled with barium, the contrast material appeared 
to coat the lining. This appearance corresponded to prolonged 
coating on oral contrast studies resulting in a castlike ap- 
pearance of the lumen of the small bowel and/or stomach 
(fig. 1A). 


CT OF GI INFLAMMATION AFTER BONE MARROW TRANSPLANT 693 





Fig. 3.—Case 3, a 20-year-old man 60 days posttransplantation for T-cell 
lymphoma. CT scan. Wall thickening in many small bowe! loops. Within thick- 
ened wall of cecum there is concentric zone of low attenuation. Increased 
density of mesenteric fat and mesenteric thickening. 


in two other patients (cases 3 and 4) in whom CT was 
performed without oral contrast material due to severe vom- 
iting, a submucosal layer of decreased attenuation was pres- 
ent within the thickened small bowel or colonic wall, resulting 
in a target appearance in cross section. This appearance 
corresponded with enlargement of folds, shagginess of the 
luminal contour associated with wall thickening, or thumb- 
printing in the colon on barium study. 

The follow-up CT scans (cases 1, 3, and 4), were obtained 
16-25 days after the initial scans. Whereas in one patient 
(case 1, representative case), the gastric abnormality had 
resolved, the findings in the small bowel and colon of wall 
thickening and luminal narrowing had increased in all three 
patients (fig. 1C). The coating abnormality was again present 
in the small bowel in case 1, whereas the wall thickening in 
the small bowel and colon had increased and the luminal size 
decreased. The submucosal zones of low attenuation were 
more prominent in one patient (case 3) on the follow-up scan 
than on the initial scan. 

In two patients, the above findings were due to AGVHD 
(cases 6 and 7), in two others to a combination of AGVHD 
and enterovirus infection (cases 1 and 5), and in the other 
three patients to enterovirus infection (cases 2-4). Of the five 
patients with enterovirus, adenovirus was found in four and 
parvovirus in one. 


Discussion 


CT, long recognized as being of value in the assessment 
of the hollow viscera, the mesentery, and the retroperitoneum, 
is gaining increasing application in evaluation of inflammatory 
diseases of the gastrointestinal tract [1 5-26]. Although the 
resolution by this modality cannot compete with the exquisite 
mucosal detail of barium studies, information can be provided 
regarding bowel wall thickness, luminal narrowing, and the 
surrounding abdominal organs. 

In our group of patients, CT abnormalities included wall 
thickening, luminal narrowing, prolonged contrast coating, a 
halo of decreased attenuation within the thickened avall, and 
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Fig. 4.—Case 4, 22-year-old woman 163 days posttransplantation for 
aplastic anemia. A, Unenhanced CT scan. Increased intraluminal attenuation 
consistent with intraluminal bleeding. In longitudinal section, a submucosal 


increased density in the mesenteric fat compatible with mes- 
enteric inflammation. 

The bizarre coating abnormalities presented here have not 
been previously reported to our knowledge (cases 1 and 2). 
Barium sulfate given orally 6-24 hr previously had persisted 
as a lining on the inner surface of the intestine (figs. 1B, 1C, 
and 2). This appearance correlated on contrast radiography 
with prolonged coating of the lumen resulting in a castlike 
appearance (fig. 1A). The reason for this unusual coating is 
unknown, but is probably related to prolonged adherence of 
barium to the inflamed mucosa or, in cases with severe 
sloughing of mucosal membranes, to the exposed submu- 
cosa. One might speculate on the role of avid phagocytosis 
of barium by intestinal phagocytes similar to phagocytosis of 
barium in the peritoneal cavity [27-29], with prolonged dep- 
osition of barium in the mucosa or submucosa. An alternative 
explanation might be that the contrast material is trapped 
between the damaged wall and intraluminal mucosal slough 
or clotted blood (see representative case). It may also not be 
specific to this group of patients; it is possible that it might 
be seen in other inflammatory bowel diseases if denser barium 
were used than is usual for abdominal scans. Unfortunately, 
pathologic data are not available soon enough after the CT 
scans to define the exact location of the barium, and the 
reason for the prolonged retention of barium sulfate remains 
purely speculative in nature. 

A submucosal zone of decreased attenuation has been 
reported in the idiopathic inflammatory bowel diseases, in the 
rectum in ulcerative colitis by Gore et al. [21], and in acute 
granulomatous enteritis or colitis by Frager et al. [19]. The 
CT appearance in this group of patients resembles the “dou- 
ble-halo” described by Frager (figs. 3 and 4), consisting of an 
inner low-attenuation ring surrounded by an outer ring of 
higher attenuation, the double ring enclosing the intestinal 
lumen and its contents. 

The other CT findings of wall thickening and luminal narrow- 
ing, combined with increased density in the mesenteric fat, 
mesenteric thickening resulting in a beaded appearance, and 
mesentegc lymphadenopathy, are supportive findings of gas- 
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zone of decreased attenuation parallels lumen. B, Many loops of small intestine 
contain indistinct submucosal zone of decreased attenuation within thickened 
wall. One definite halo is in right mid abdomen. Mesenteric thickening. 


trointestinal tract inflammation found in other inflammatory 
diseases. Fatty infiltration of the liver is a nonspecific finding 
in severe illness probably related in this group of patients to 
malnutrition and/or hyperalimentation. The patient with in- 
creased density in the gastric wall, thought to be due to 
intramural hemorrhage (case 4), had a rectal biopsy 3 days 
before the CT scan that demonstrated severe submucosal 
hemorrhage. 

Abnormal radiographic findings in the gastrointestinal tract 
in the bone marrow transplantation population have been 
previously reported and ascribed to AGVHD. These abnor- 
malities involve primarily the small intestine and include a 
combination of fold thickening and effacement of folds, re- 
Sulting in a ribbonlike or tubular appearance, associated with 
wall thickening, separation of bowel loops, excess intraluminal 
fluid, and rapid small bowel transit [30-33]. These findings 
are, in general, more prominent in the ileum than in the 
jejunum, although the entire small bowel can be involved. 
Colonic changes have also been described, including luminal 
narrowing, wall thickening, ulceration, edema, and an ahaus- 
tral appearance [31, 32]. 

Gastrointestinal disease in the immunocompromised pa- 
tient, however, may also result from superinfection with en- 
teric pathogens, specifically enterovirus. Cytomegalovirus, for 
example, results in overwhelming disseminated infection [13, 
14, 34] and in the renal transplant population has been 
implicated in widespread ulceration, gastrointestinal hemor- 
rhage, and colonic perforation [35-38]. The role that this virus 
may play after bone marrow transplantation has not been as 
well recognized as after renal transplantation or in AIDS, and 
the radiographic features of superinfection are as yet not fully 
characterized. Other viruses that usually cause low-grade 
infection in the presence of a normal immune system have 
been associated with a high mortality rate after bone marrow 
transplantation, notably infection with the enteroviruses such 
as coxsackievirus A1 [12] and rotavirus and adenovirus [11, 
12]. No radiographic data were presented in these reports. 
Although adenovirus has been recognized more often in sites 
remote from the gastrointestinal tract [39], the alimentary 
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system can be the major organ affected, as in four of the five 
patients in the present repcrt. 

The gastrointestinal inflammation in our group of patients 
was due either to AGVHD (two patients), to superinfection 
with enteric pathogens (three patients), or to a combination 
of both pathologic processes. No finding on CT examination 
or barium contrast studies enabled this differentiation to be 
made, the findings being ronspecific and indicative only of 
diffuse gastrointestinal inflammation. The exact roles that 
AGVHD and enteric virus infection play in the radiographic 
appearances in the gastrointestinal tract after bone marrow 
transplantation remains to be elucidated. We are currently 
studyinga group of 30 patients with abnormal gastrointestinal 
studies after bone marrow transplantation in an attempt to 
define thts problem in more detail. 
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Erratum 


In the February 1986 issue of the AJR, there 
ls an error in the article, “Indium-111 Leukocyte 
Scanning Localization for Detecting Early Myo- 
carditis in Kawasaki Disease,” by Williamson et 
al. (AJR 1986;146:255-256). It is stated that a 
range of 8-10 mCi/kg (296-370 MBa/kg) is the 
usual level of activity administered and that in the 
case report 240 mCi (8880 MBq) was used. The 
ranges should have been 0.008—-0.01 mCi/kg 
(0.296-0.37 MBa/kg); in the case report, the 
actual level used was 0.24 mCi (8.88 MBq). 
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Reassessing the Role of 
Radiology in Hemoccult 
Screening 





During a recent regional screening program, 98 patients with a positive Hemoccult 
test were evaluated radiographically. Double-contrast barium enema (DCBE) detected 
all six carcinomas and 92% of 37 polyps. DCBE was also the most cost-effective 
procedure. Colonoscopy dramatically increased screening costs without providing evi- 
dence to support its use in all Hemoccult-positive patients. It is recommended that DCBE 
be the initial diagnostic test in Hemoccult-positive patients, to be supplemented in 
selected patients by flexible sigmoidoscopy or colonoscopy depending on the pathology 
evident on DCBE and on Clinical circumstances. 


Colorectal carcinoma is among the most common malignancies in men and 
women, with about 140,000 new cases per year [1, 2]. The survival rate is about 
50% and has changed little in the past few decades [1-3]. However, the cure rate 
improves markedly with earlier detection [1-4]. Thus, early detection is now 
stressed as the best method of improving the outcome in the treatment of this 
disease [2, 4]. 

Over the past decade, there has been increasing use of fecal occult blood testing 
for the early detection of colorectal neoplasms [5-7]. Large screening programs 
have been reported [5-9]; however, numerous articles are now questioning the 
utility of these programs in terms of both the impact they have on the prognosis of 
the disease and the large costs incurred in evaluating the numerous patients with 
positive tests [10-14]. Also, many gastroenterologists conducting these screening 
programs have criticized the role of diagnostic radiology in evaluating these patients 
[15-18]. Several now recommend that colonoscopy be the procedure of choice, 
with radiology being used only in patients with failed colonoscopy [18, 19]. 

Recently, a regional mass screening program was undertaken in our area, 
providing a large number of patients with positive Hemoccult studies for evaluation. 
We reviewed the results of the program to determine the accuracy of radiology in 
evaluating the Hemoccult-positive patient, the incidence and distribution of disease, 
and the costs and merits of available diagnostic procedures. 


Subjects and Methods 


A regional fecal occult blood screening project was undertaken by a local firm and 
coordinated by our hospital. Three Hemoccult II (Smith-Kline Diagnostics, Sunnydale, CA) 
slides were distributed to interested individuals, who completed and mailed them to our 
hospital for testing. They were not rehydrated upon testing. Patients were contacted by letter 
concerning the results. Patients with positive tests were seen at institutions throughout the 
metropolitan area, but the largest group, 110, was evaluated at our hospital. 

On the initial visit, each patient had a physical examination, a variety of blood tests, and a 
rigid proctoscopic examination. The patients were then to have a double-contrast barium 
enema examination (DCBE) of the colon without glucagon and, depending on the results, 
were to be followed by either colonoscopy or repeat Hemoccult study. All endoscopic studies 


were performed by colorectal surgeons or gastroenterologists. All DCBEs were performed 
ə 


698 FECZKO AND HALPERT 


TABLE 1: Distribution of Pathology According to Age 





No. of Patients (5) 

Age Range oer With With Total with 
Carcinoma Potyps Neoplasms 

<50.......... 22 1 (5) 1 6) 2 (10) 
50-60 ........ 18 1 (5) 3 (17) 4 (22) 
60-70 ........ 39 3 (8) 12 (30) 15 (38) 
>70 yrs... 19 1 (5) 5 (26) 6 (31) 
Total 02... 98 6 (6) 21 (21) 27 (27) 





X Carcinoma 

® > 2 cm polyp 
O 1-2 cm polyp 

e 5-10 mm polyp 
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Fig. 1.—Distribution of pathology and size of lesions. Broken line indicates 
extent of rigid proctoscopy. Six carcinomas and 37 polyps were noted in 98 
patients. 


by board-certified radiologists. Of the 110 patients, 98 had radi- 
ographic examinations. The other 12 had the mitial proctoscopic 


study, but refused study by either radiology or colonoscopy. Of the 
98 patients, 54 were men and 44 were women. They were 30-82 
years old (mean age, 60.3 years) (table 1). 


Results 
Pathology 


Among the 98 patients, six were found to have a carcinoma, 
three Dukes B and three Dukes C. There were 21 other 
patients with adenomatous polyps. The distribution of pa- 
tients with lesions according to age is presented in table 1. 
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TABLE 2: Detection Rate of Double-Contrast Barium Enema 





No. (%) 
rice Detected 
(Polyps) 

Tom by Radiology 

6-10 Meck ek hee ees 19 18 (95) 
TI-20 MMs ke pe wees 15 13 (87) 
pl) a | a ee 3 3 (100) 
Carcinomas ............ 6 6 (100) 
NOM seb bie ce bases 43 40 (93) 





The total number of polyps larger than 5 mm was 37. Figure 
1 shows the distribution of disease according to size and 
pathology. Also, 41 of the patients had diverticulosis: 20 mild, 
14 moderate, and seven severe. 

Forty patients had studies of the upper gastrointestinal 
tract, 35 by radiographic examination and seven with endos- 
copy. One duodenal ulcer and four cases of gastritis were 
identified. Eleven smail-bowel studies were performed, two 
by enteroclysis, and all were normal. 


Diagnostic Accuracy (table 2) 


All six carcinomas were diagnosed radiographically for a 
sensitivity of 100%. Rigid proctoscopy could reach only two 
of these, while flexible sigmoidoscopy or colonoscopy were 
each used to reach two others. All six carcinomas were 
confirmed surgically. In addition, a seventh patient had sur- 
gery for a benign villous adenoma. 

Of the 37 polyps larger than 5 mm, 34 (92%) were detected 
radiographically. Two polyps, both 1.5 cm, were noted in the 
sigmoid colon by colonoscopy but were not diagnosed radi- 
ographically. Both of these polyps were in areas of severe 
diverticulosis. Also, one 8 mm rectal polyp was not identified 
radiographically, but was seen by rigid proctoscopy. 

The number of lesions detected by rigid sigmoidoscopy is 
depicted in figure 1. Only two carcinomas and four polyps 
could be reached by the rigid instrument. The average length 
of insertion In 92 patients was 22 cm. In the 20 patients who 
underwent colonoscopy, 25 polyps were found. Of these only 
two were not detected by radiography. However, two polyps 
were Identified by DCBE that were not identified by colono- 
scopy, and they were later confirmed by repeat DCBE or 
surgery. Of the 20 colonoscopic studies, at least two falled 
to reach the cecum. 


Costs 


Table 3 presents the total costs of the diagnostic studies 
performed in the 98 patients. Excluded are the cost of the 
Hemoccult test itself and personnel costs of the screening 
programs. The latter could not be determined since only some 
of the patients were seen at our institution. Initial office visits 
and laboratory averaged about $80/screened patient. The 
cost of surgery in seven patients is not included, although It: 
is estimated at $15,000/patient. 
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TABLE 3: Costs of Examination Relative to Lesions Detected 





Procedure 


tion tions 

Barium enema __ . $240 98 
Rigid proctoscopy 80° 92 
98t 

60 cm flexible 200* F 
sigmoidoscopy . 98t 
Colonoscopy . . 750" 20 
98t 

Upper GI radiology 185 35 
Upper GI endoscopy . 300 7 
Small bowel... .... 100 11 


Total Cost .... 


Cost/Examina- No. of Examina- 











p M 
$23,520 (6) 3,920 (34) 692 
7,360 as eu 

7,840 (2) 3,920 (4) 1,960 
1,400 ika PR 
19,600 (5) 3,920 (24) 816 
15,000 5 aes 
73,500 (6) 12,250 (37) 1,986 
6,475 iss 
2,100 
1,100 
$56,955 





* Does net include cost of polypectomy ($125) or pathologic interpretations ($100). 
t Data extrapolated for all 98 patients, assumes 100% accuracy for lesions ( ) within range of the instrument 


Discussion 


Our study confirms that the fecal occult blood test will yield 
a reasenable number of patients with colorectal neoplasia. 
The 6% incidence of carcnoma among our positive patients 
is comparable to other studies, which range from 3% to 10% 
(8-10, 20]. Also, 21% of our group also had adenomatous 
polyps with differing degrees of atypia. Both of these findings 
confirm that the Hemoccult-positive patient requires a thor- 
ough examination of the large intestine [7-10]. 

Desp te the above, it is inportant to note that almost three- 
quarters of our studied population had no significant colon 
pathology. This large group of normal patients with a positive 
Hemoccult test constitutes one of the major controversies 
surrounding Hemoccult screening programs. These patients 
are subjected to a variety of diagnostic procecures that 
increase costs and may present a danger to the patient. It is 
thus not the Hemoccult test that is expensive ($0.83 for this 
study), Dut the direct and indirect costs of evaluating patients 
who haye a positive test. Unfortunately, screening programs 
have been developed mainly by gastroenterologists and have 
emphasized the role of endoscopic examination while dele- 
gating eadiology to a secondary role [15-19]. This predomi- 
nantly Fas been based o^n poor radiologic accuracy and is 
arguable [15-18, 21, 22]. Furthermore, aspects such as cost, 
distribution of lesions, risk, patient compliance, etc., have 
usually not been addressed when these recommendations 
have been made. 

Analysis of our study shows that the DCBE has a high 
degree of accuracy and is comparable to endoscopy. Previous 
studies also indicate that the DCBE equals or exceeds the 
accuracy of rigid proctoscopy in the rectum [23, 24] and of 
colonoscopy in the ascending colon [25]. Several studies 
have shown a high precictive value for the radiographic 
diagnos of colonic neoplasia with the use of the DCBE 
(26, 27) 

In our study, the two significant lesions undetected radio- 
logically were in patients with severe diverticulosis. Previous 
articles have noted that extensive diverticular disease can 
lead to missed lesions on che radiologic examination [21-23, 


28]. Also, the sigmoid is the most difficult region to examine 
and usually accounts for most missed lesions [21, 22, 27, 
28]. Therefore, it is evident that fiberoptic endoscopy is 
necessary in patients with moderate or severe diverticular 
disease or in those whose sigmoid colon is not well demon- 
strated on DCBE. 

The costs to examine the 98 patients are listed in table 3. 
Because radiology was the only study performed in all pa- 
tients, it was the largest expenditure for diagnostic proce- 
dures. However, the cost relative to the amount of pathology 
detected was less than for the other procedures. Although 
$15,000 was spent on colonoscopy (not including biopsy 
costs), only two more polyps were found. To perform colon- 
oscopy on all of our study group would have approached 
$75,000. To examine all 98 patients by colonoscopy would 
have cost almost $9000 more per cancer discovered as 
compared with DCBE [29]. Also, colonoscopy has higher 
indirect and hidden costs as well as increased morbidity 
(10, 29-31]. 

Another factor to be considered is the distribution of neo- 
plasms in the colon. Although our study was too small to 
evaluate this, several other investigations indicate that the 
Hemoccult test favors detection of right-sided colonic lesions 
(10, 19, 32], since right-sided lesions tend to bleed more 
often [10]. Also, several recent studies suggest an increasing 
incidence of right-sided colonic neoplasia, both carcinomas 
and polyps [33, 34]. Thus, an evaluation of the entire colon 
is mandatory in the Hemoccult-positive patient, and exami- 
nation of the rectosigmoid region is insufficient to exclude 
neoplastic disease [16-20]. Of the available examinations, 
only barium enema and colonoscopy can potentially evaluate 
the entire colon. However, colonoscopy fails to examine the 
right colon in a significant minority of patients [30, 31]. 

An important issue in Hemoccult screening studies is pa- 
tient compliance in undergoing further diagnostic studies [9, 
10, 35]. We note that fully 10% of our Hemoccult-positive 
patients refused to undergo further evaluation after rigid 
sigmoidoscopy. Their evaluation was therefore suboptimal, 
and it is uncertain whether the negative sigmoidoscopy gave 
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them a false sense of security, leading to refusing further 
Study. Less than half of our patients who were offered colon- 
oscopy actually underwent the procedure, even when notified 
of lesions present on the DCBE. Obviously, the issue of 
compliance is important in the application of colonoscopy to 
a large population being screened for colorectal disease 
(9, 10]. 

Among our patients, 40 had examinations of their upper 
gastrointestinal (GI) tracts. The only significant disease de- 
tected was one duodenal ulcer, and it is unlikely that any of 
the lesions found in the upper GI tract were a source of a 
positive Hemoccult test. Previous studies have also noted the 
small incidence of disease in the upper GI tract during fecal 
occult blood screening [36-38]. This is expected, since hemo- 
globin arising in the upper Gl tract tends to lose its peroxidase 
activity because of the action of pancreatic enzymes [10, 36- 
38]. As a result, large amounts of hemoglobin must be intro- 
duced into the upper GI tract to produce a positive Hemoccult 
test [36-38]. Thus, upper GI tract or small-bowel examination 
is not indicated unless symptoms are present referable to 
those regions. 

In evaluating the diagnostic procedures performed in our 
Hemoccult-positive patients, it is obvious that substantial 
costs are incurred while evaluating these patients. Costs have 
been quoted as being almost $1000 per patient, although 
ours were slightly less [39]. Also, there may be considerable 
redundancy of tests, which contributes to costs. Obviously, 
it is neither desirable nor cost-effective to perform more than 
the required minimum number of studies in a given patient. 

Our experience suggests that the initial Study in Hemoccult- 
positive patients should be the DCBE, which provides an 
overall survey of the colon and is most cost-effective. For 
most patients, no further evaluation is necessary. For patients 
with moderate or severe diverticular disease, an endoscopic 
examination should be performed as a supplement. Winawer 
et al. [22] noted that DCBE and flexible Sigmoidoscopy are 
an effective combination for evaluating for colonic disease, 
and often can be performed on the same day. We similarly 
Support the concept of DCBE being performed early in the 
evaluation of patients who are positive for fecal occult blood. 
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Preoperative and 
Postoperative CT Staging of 
Rectosigmoid Carcinoma 





This study reports a 4 year experience using CT for preoperative staging and for 
evaluation of patients with rectal and sigmoid carcinoma after surgery. All patients were 
evaluated on a GE 8800 scanner using 1 cm contiguous slices. Only 15 of the 25 
preoperative patients were staged correctly. The other 10 patients were understaged 
by CT. The accuracy of detecting local invasion was 70%, but only seven (35%) of 20 
patients had accurate assessment of lymph nodes. The overall accuracy of CT staging 
in the 46 postoperative patients was 87%, witha sensitivity of 91% and a specificity of 
72%. Most recurrences were found in the pelvis; 16 patients had liver metastases, and 
metastatic disease obstructing the ureters was detected in eight patients. On the basis 
of these results, it was concluded that CT should not be used routinely to preoperatively 
stage patients with rectosigmoid carcinoma. However, all patients who have undergone 
resection for rectal or sigmoid carcinoma should have aggressive CT evaluation includ- 
ing a baseline study at 2-4 months and then follow-up studies at every 6 months for at 
least 2 years. All new or enlarging masses should have CT-guided biopsies. This 
approach may prolong survival by detecting early asymptomatic recurrences. 


Computed tomography (CT) is a recognized method for pre- and postoperative 
staging of rectal carcinoma [1-10]. Initially CT was reported to be accurate in 
staging patients with primary rectal or rectosigmoid carcinoma [1-5]. In 1983 
Grabbe et al. [6] demonstrated in 155 patients that, while preoperative CT was 
more accurate than the clinical staging scheme of Mason [11], routine staging by 
CT is not justified because slight perirectal tumor spread and lymph node metas- 
tases cannot be accurately predicted. Recently, the conclusions of Grabbe et al. 
were confirmed by Adalsteinsson et al. [10] in 154 patients. 

CT is perhaps more valuable in the detection and/or staging of pelvic abnormal- 
ities in patients who have had resection of rectal or rectosigmoid carcinoma 
[2, 12-20]. While postoperative changes such as fibrosis, hematoma, and abscess 
can mimic tumor recurrence [21], usually these can be distinguished by performing 
baseline CT within 2-4 months of resection and then at 6 month intervals [21]. 
CT-guided percutaneous biopsies should be performed of all suspicious masses 
[18, 19]. 

During the past 4 years we have used CT for preoperative staging and for 
evaluation of patients with rectal and rectosigmoid carcinoma after surgery. The 
purpose of this study is to report our results in these two groups of patients. 


Materials and Methods 


From February 1980 to June 1985 71 patients (25 pre- and 46 postoperative) with rectal 
or rectosigmoid carcinoma underwent CT for staging of the primary tumor or detection of 
recurrence. The studies were performed on a GE CT/T 8800 whole-body scanner. The scans 
were obtained from the dome of the liver to the anal verge at 1 cm intervals. At 2-6 hr before 
the examination, 400-500 mi of 1% methyiglucamine diatrizoate (Gastrografin, Squibb) or 
1% barium (E-Z CAT, E-Z-EM) was given orally. Rectal contrast material (200-300 ml) was 
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Fig. 1.—True negative for invasion: Stage Il. Large 
asymmetric posterior wall thickening without evidence 
of invasion into perirectal fat (stage Il, Dukes A) was 
confirmed at operation and by pathology. However, 30 
of 38 lymph nodes contained tumor. None of these 
were demonstrated by CT. Also, patient had multiple 
small calcified densities in liver on CT. proven to be 
multiple metastases. Thus, this patient had a Stage IV, 
Dukes D. 
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used only in isolated cases primarily when the rectum was poorly 
filled by the oral contrast material. Intravenous contrast material 
(methylglucamine diatrizoate, Renografin, Squibb) was injected in 
selected cases. 

The medical, surgical, pathologic, and radiologic records of each 
patient were reviewed. In all cases the clinical Stage of the tumor was 
documented by surgery, percutaneous needle biopsy, or compelling 
clinical evidence. The CT reports were used to determine the pro- 
spective CT accuracy, while a retrospective evaluation of the CT 
Studies was also performed. To determine the Stage, all CT scans 
were analyzed for the presence of a tumor mass, extension beyond 
the bowel wall, involvement of adjacent organs, enlarged lymph nodes 
(>1.5 cm), and metastases to distant sites. The modified Dukes 
Staging system [22-26] was compared with the University of Califor- 
nia, San Francisco, CT staging system reported by Thoeni et al. [3] 
and Moss et al. [17]. 


Preoperative Evaluation 


Twenty-five male patients with biopsy evidence of rectal cancer 
were evaluated by CT. Each of these patients had a mass larger than 
1.5 cm shown by barium enema. In five patients with massive tumors 
longer than 8 cm, CT was done primarily to plan radiation therapy as 
the tumors were either perforated or considered too large for primary 
resection. These patients had a palliative diverting colostomy and 
operative staging. In the other 20 patients with smaller tumors, CT 
was performed to supplement preoperative clinical staging. 


Recurrent Rectosigmoid Carcinoma 


Forty-six patients (45 men and one woman) had undergone surgery 
for rectal or rectosigmoid malignancies. Twenty-seven patients had 





Fig. 2.—True-positive invasion. A, Stage IIIA. Large circumferential rectal 
tumor. Increased density in perirectal fat and in area of left perirectal fascia 
(arrows) indicating tumor extension through bowel wall. Ten of 15 nodes 
contained tumor not detected by CT, a Dukes C lesion. B, Huge circumferential 
rectosigmoid tumor invading bladder (arrow) and extending posterior to sacrum 


(arrowhead). C, Stage IIIB. Large circumferential tumor with small amount of 
contrast material in lumen (arrow). Extension through perirectal fat to left 
posterior pelvic side wall (single arrowhead ) end into left seminal vessicle 
(arrowheads). Tumor unresectable at operation. 
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Fig. 3.—False-positive invasion. A, Large circumferential tumor with marked increase in density of 
perirectal fat and thickening of perirectal fascia (long arrows), called a Stage IIIA tumor but at operation 
and on pathologic examination tumor confined to rectal wall. No explanation given for increased perirectal 
soft-tissue density. One of 12 lymph nodes positive for tumor. No abnormal nodes noted on CT; probable 
normal-size node (short arrow). B, Small tumor mass posterior to rectal contrast material. Tumor was 
diagnosed as invading levator ani (errows), but at operation no evidence of invasion could be found. Liver 


metastases were detected by CT (stage IV). 


abdominoperineal resections, 13 had anterior resections with a rec- 
tosigmoid anastomosis, three had local resections, and three patients 
had only colostomies with creaton of a Hartman pouch. Four patients 
had squamous cell lesions of the anorectal region; the other 42 had 
adenocarcinomas of the rectum or rectosigmoid colon. The interval 
between surgery and CT averaged 14.5 months (range, 1-60 
months). A total of 70 scans was obtained in the 46 patients with 16 
of the patients having multiple scans. 


Results 
Preoperative Evaluation 


Twenty-one of the 25 petients had rectal carcinoma and 
four had sigmoid tumors. The mean age of the patients was 
56 years (range, 33-75 years). The presenting symptoms 
and/or signs were gastrointestinal bleeding in 14, lower ab- 
dominal pain in five, constipation in three, diarrhea in two, and 
weight loss in one. 

Two patients had normal CT scans. A rectal or rectosigmoid 
mass was detected in 22 ‘figs. 1-4) and liver metastases 
were detected in one patient whose CT study was limited to 
the upper abdomen. The tumor involved the circumference of 
the bowe! in five, the antericr wall of the rectum or sigmoid in 
eight, the lateral wall in four, and the posterior wall in five. 
Eight of the patients had rormal perirectal fat without evi- 
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Fig. 4.—False-negative invasion. Circumferential 
tumor at rectosigmoid junction. No evidence of inva- 
sion detected by CT, but at operation and on patho- 
logic examination tumor extended through bowel wall 
into perirectal fat (stage IIIA). One of three cistant 
lymph nodes contained tumor (Dukes C). No enlarged 
nodes detected by CT, but small densities (arrows) 
adjacent to rectum are probably nodes. 


dence of invasion (fig. 1), and 16 had abnormal perirectal fat 
with evidence of tumor extension (fig. 2A). Nine patients had 
CT findings of invasion of a contiguous structure: three to 
bladder (fig. 2B), one to prostate, two to pelvic side wall 
musculature (fig. 2C), and two to sacrum (fig. 2B). Metastatic 
disease to the liver was detected in seven patients and to the 
lymph nodes in four. Metastases to the spleen, right ureter, 
and malignant ascites were each detected in a single patient. 

The CT results for detecting invasion or extension and 
abnormal lymph nodes are shown in table 1. The overall 
accuracy for invasion was 70%; the specificity was only 57%. 
Three false positives occurred in patients who by CT criteria 
had extension into the perirectal fat and/or the levator ani 
(fig. 3) (stage IIIA), but the tumor was confined to the rectal 
wall (a stage Il). These patients had positive lymph nodes 
(Dukes C). Since most of the 17 patients with metastatic 
lymph adenopathy had normal-size nodes, CT did very poorly 
in detecting metastases to lymph nodes (sensitivity, 22%) 
(table 2). 

Retrospective review of the CT scans yielded two (8%) of 
25 patients whose scans were not initially interpreted cor- 
rectly. In one tumor extension to the sacrum was not de- 
scribed, and in another extension to the pelvic side walls was 
present and not described in the report. 

Table 2 shows the results comparing the modified Dukes 

e 


706 THOMPSON ET AL. 


Staging system [26] with the University of California, San 
Francisco, CT staging system [3, 17]. Only 15 of the 25 
patients were correctly staged. The other 10 patients (40%) 
were understaged by CT (fig. 4). Five were called stage IIIA 
(Dukes B) with invasion, but all had metastatic nodes at 
surgery not detected by CT (Dukes C). Four patients had no 
CT evidence of invasion (Stage II) (Dukes A), but all had 
metastatic lymph nodes (Dukes C) not detected by CT. One 
patient who had a thick rectal wall with a normal liver on CT 
(stage Il) (Dukes A) had tiny 6 mm liver and peritoneal metas- 
tases at surgery (Dukes D). 


Recurrent Carcinoma 


Thirty-five of the 46 patients had recurrent rectal or recto- 
Sigmoid carcinoma. Twenty-six patients had histologic confir- 


TABLE 1: CT Results in Determining Invasion or Distant 
Metastases and Metastatic Lymphadenopathy 


Invasion or 
Extension (n = 24) 


Enlarged (>1.5 cm) 
Lymph Nodes (n = 20) 





No. of true positives . 13 4 
No. of true negatives . 4 3 
No. of false positives . 3 1 
No. of false negatives . 4 12 
% Sensitivity `... 77 22 
% Specificity .... 57 75 
% Accuracy... 70 35 


Fig. 5.—A, Recurrent carcinoma. Large recurrence at site of anterior resection (arrows) 6 months after 
anterior resection. Tumor extends into right pericolic fat, confirmed at second operation. B, Recurrent 
tumor in pelvic and lymph nodes. Another patient 3 years after abdominal perineal resection. CT shows 
small recurrent presacral tumor (arrows) and enlarged pelvic lymph node (arrowheads), both proven by 
percutaneogs biopsy. 
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mation of recurrent tumor and nine had clear evidence of 
tumor recurrence by a compelling clinical examination and 
clinical course. Eight patients had no clinical evidence of 
recurrent tumor. One patient with a questionable liver metas- 
tasis on CT had this proven to be a hemangioma by arteri- 
ography. Another patient had a proven postoperative ab- 
scess, not a recurrence, and one patient had stones Causing 
bilateral hydronephrosis, not recurrent tumor. 

No recurrence was present in nine patients (2%) and two 
(4%) had stage IIIA disease. The other 35 (76%) patients with 
CT evidence of recurrent tumor were Stages IIIB and IV 
(figs. 5, 6, and 7A) (table 3). The overall accuracy for CT 
Staging in the 46 patients as well as in the 70 individual scans 
were both 87% and the sensitivities were 91% and 94%, 
respectively. The specificities were lower in both groups (table 


TABLE 2: Staging of Primary Rectosigmoid Carcinoma by CT 
[3, 16] and Comparison with Modified Dukes System [26] 











CT Stage A B C D Total 
Dh etd Biren Bi 2° 0 0 0 2 
ENEN 1* 0 4t IT 6 
WA iiaa 0 0 5f 0 9 
WB vs oa wen 0 0 4* 0 4 
abies aloes, 0 0 0 8* 8 
Total... ... 3 0 13 9 25 





* Correctly staged: 15. 
t Incorrectly staged: 10. 





Fig. 6.—Recurrent tumor obstructing left ureter. 
CT during needle biopsy of small tumor recurrence 
obstructing left ureter. Patient presented with micro- 
scopic hematuria 2 years after anterior resection of 
Dukes B sigmoid cancer. 
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Fig. 7.—Recurrent carcinoma versus postopera- 
tive change. A, Large pelvic soft-issue mass after 
abdominal perineal resection. Mass extends from 
prostate ta:pelvic side walls. B, Same patient in prone 
position with biopsy needle in mass. Biopsy revealed 
recurrent tumor. C, Another patient 3 weeks after 
abdominoperitoneal resection. Large soft-tissue 
mass similar to A. D, 12 months later. Marked reso- 
lution of pelvic mass (Cf. B). Mass caused by post- 
operative cnange. 


3). There were three false negatives: two were from metas- 
tases in superficial inguinal ymph nodes that, though larger 
than 1.5 cm, were not initially reported and the third was from 
metastases to the right colon and distal small bowel that were 
not reported in the initial report. There were three false 
positives in the 46 patients; one from a postoperative pelvic 
abscess, one small hemangioma called a liver metastasis, 
and one patient had bilateral hydronephrosis due to stones. 
Three other baseline scans {in the group of 70) were suspi- 
cious for recurrence (fig. 7C). but follow-up CT studies proved 
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these to be only postoperative abnormalities (fig. 7D). Thus, 
these were included as false positives in the group of 70 
scans but not in the 46-patient group (table ©). 

The recurrent tumors were most often found in the pelvis. 
Twenty-eight patients had tumor extending to pelvic side 
walls, prostate, and/or bladder. The liver was involved in 16 
patients while recurrent tumor obstructing the ureters was 
detected in eight (fig. 6). Metastases were cetected in both 
pelvic (13 patients) and extrapelvic (12 patients) lymph nodes 
(fig. 5B), adrenal glands, and the skeleton. ° 
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TABLE 3: CT in Staging Recurrent Rectosigmoki Carcinoma 


Patients (n = 48) CT Scans (n = 70) 
No. of true positives ..... 32 ` 47 
No. of true negatives .... 8 14 
No. of false positives... .. 3 6 
No. of false negatives .... 3°. : 3 
% Sensitivity .......... 91 l 94 
% Specificity .......... 72 82 
% Accuracy ........... 87 ) 87 





Discussion 
Staging Colorectal Cancer 


Perhaps the most confusing aspect of colorectal cancer is 
the staging of disease. The original Dukes system Is simple 
and easy to use but does not separate patients into prognos- 
tic groups accurately enough [22]. He proposed the following 
system of classification: stage A—tumor limited to the wail of 
the rectum; stage B—spread by direct extension through 
extrarectal tissues; stage C—involvement of regional lymph 
nodes. In 1949 Kirkland et al. [23] proposed a modification of 
the Dukes classification in which they distinguished between 
involvement into but not through the muscularis (designated 
B1) and involvement through the muscularis (designated B2). 
Astler and Coller [24] suggested in 1954 that the Kirkland 
modification be extended to the Dukes C stage. Four years 
later Dukes and Bussey [25] proposed that stage C be divided 
according to the location of the Involved nodes: C1—involved 
nodes limited to the pericolic region, and C2—tnvolved nodes 
to the highest point of ligature of the lymphovascular pedicle. 
in 1967 Tumbull et al. [26] added another category, stage D, 
to include cases with not only adjacent organ Invasion, but 
peritoneal seeding of tumor, and distant metastases to liver, 
lung, and bone. This was the first systematic attempt to 
segregate these cases from the standard Dukes categories 
[26]. The only problem with this category is that metastases 
in distant lymph nodes is not clearly addressed. 

In an attempt to bring together the great number of varia- 
bles that may affect survival, the International Union Against 
Cancer (UICC) [27] and the American Joint Committee for 
Cancer Staging and End Result Reporting [28] proposed a 
TNM classification for colon and rectal cancer. Unfortunately 
many aspects of the TMN classification, which works well 
with certain tumors, for example, head and neck cancer, do 
not apply to colon and rectal tumors. For instance, the size 
of the primary tumor is not significant In staging colon cancer 
[29]. Some authors belleve this system is not worthwhile [29]. 

No uniformity exists in the reporting of the staging of rectal 
carcinoma. The Dukes system has been’ so changed and 
modified and constantly confused that It Is difficult to know 
to exactly which A, B, or.C an author refers [22-29]. This has 
introduced confusion in the literature. Thoeni et al. [3] recog- 
nized that CT cannot distinguish between extension of tumor 
into the muscularis from those extending through the serosa, 
and CT Is less accurate than lymphangiography in assessing 
lymph node. metastases from pelvic tumors. Therefore, the 
Dukes system cannot be'used for CT staging of rectal tumors. 
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Thoeni et al. used a staging system based on the CT findings 
and compared this with the Dukes classification. They refer- 
enced the original Dukes system [22] but used the Turnbull 
et al. [26] modification and did not include a complete evalu- 
ation of lymph nodes. Grabbe et al. [6] and Adalsteinsson et 
al. [10] are the only workers who have carefully compared 
CT staging with the surgical results. Our results are similar 
(table 1). 


Preoperative Staging 


Our results are not as favorable as many of the early 
reports. Only 15 of the 25 patients were correctly staged 
(table 2). While CT did detect the presence or absence of 
local invasion with a fairly high degree of accuracy (70%), CT 
failed to accurately detect metastatic lymphadenopathy (sen- 
sitivity, 22%) (table 1). Nine patients, classified as CT stage I! 
or IIIA equivalent to a Dukes A or Dukes B, had metastatic 
disease in lymph nodes (Dukes C lesions). 

In one of the first reports on CT for staging rectal carcinoma, 
Dixon et al. [2] used three nonspecific pathologic criteria to 
compare with the CT findings. Overall CT was correct in 37 
(79%) of 47 patients in terms of local invasion, but CT 
detected only seven of 18 patients with metastatic ade- 
nopathy (39% sensitivity). In 1981, Thoeni et al. [3] reported 
CT correctly staged 36 of 39 rectosigmoid cancer patients 
(92% accuracy). They did correlate the CT findings with a 
modified Dukes system and found a high degree of correla- 
tion. However, Thoeni et al. did not describe the CT evaluation 
of nodal disease. Also most of thelr patients had advanced 
disease (24 of 39 were stage C or D), which accounted for 
the high degree of correlation of the CT and surgical findings. 
Zaunbauer et al. [4] correctty staged ali 11 patients using the 
CT findings compared with the TMN UICC staging system 
[27]. They are the only authors to report a 100% accuracy 
for detecting lymph node metastases. Van Waes et al. [5] 
reported correctly staging 17 (81%) of 21 patients correctly 
using the Thoeni et al. [3] CT staging system. Two patients 
had the pelvic disease correctly staged as IIIB, but at opera- 
tion both had small liver metastases not detected by CT 
(stage IV, Dukes D). In two other patients CT overestimated 
the stage of the disease: one was staged IIIB (bladder inva- 
sion) but a stage IHA tumor found at surgery, and one stage 
ll tumor was actually a stage | (Dukes A). They concluded 
that CT provided unique information not available through 
other means, short of surgery. On the basis of this information 
the mode of treatment was affected in 10 patients. In the two 
largest series, Grabbe et al. [6] and Adalsteinsson et al. [10] 
both evaluated over 150 patients with CT. Grabbe et al. [6] 
compared their findings with the Dukes [22] and UICC [27] 
staging classifications, and Adalsteinsson et al. [10] used the 
Astler and Coller [24] modification of Dukes system. In both 
series the preoperative CT findings of local infiltration of 
perirectal fat compared with the histopathology revealed ac- 
curacy rates of 60%~-79%.: Analyzing the same cases with 
respect to lymph node metastases Grabbe et al. found a 
sensitivity, specificity, and accuracy of 34%, 92%, and 56%, 
respectively. In most cases the rare CT finding of an enlarged 
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lymph node (>1.5 cm) indicated nodal metastases. Adal- 
steinsson et al. [10] evaluated all identifiable nodes in two 
groups, !2ss than 5 mm and greater than 6 mm, and found 
CT could not be used to detect or rule out lymph node 
metastases. Both of these results are very similar to ours. 
Grabbe et al. [6] concluded that CT staging is superior to 
preoperative clinical staginc, but routine staging by CT is not 
justified. Adalsteinsson et al. suggest that CT may be useful 
in demorstrating the extert of perirectal extent in selected 
cases where resectability is clinically doubtful. 

On the basis of our resu'ts and the above reports, we do 
not beliewe that CT should be used routinely to preoperatively 
stage rectosigmoid cancer. It should be reserved to evaluate 
patients with suspected extensive disease or a suspected 
complication of the tumor such as perforation. 


Recurren: Rectosigmoid Carcinoma 


Our results are similar to most authors previous reports 
[12-19]. Most of our 46 patients had advanced disease—20 
(43%) stage IIIB (Dukes C) and 15 (33%) stage IV (Dukes D). 
CT correctly staged 40 of the 46 patients (87% accuracy). 
Moss et al. [17] reported a 95% accuracy rate with 0% false 
negatives and 5% false positives in 39 patients with recurrent 
rectal carcinomas. One false positive was from a uterine mass 
(a surgically proven uterine fibroid) that could not be separated 
from the -ectum. The other was in a patient diagnosed as a 
stage Il recurrence, but mult ple biopsies and surgery revealed 
only fibrosis. 

The difficulty encountered distinguishing local recurrent 
rectosigmoid carcinoma from postoperative change (hema- 
toma, abscess, fibrosis, and normal pelvic structures) has 
been described by a number of authors [18, 21, 30, 31] and 
was encountered in three patients in our series (fig. 7C). While 
the CT characteristics of the normal postoperative presacral 
space hære been described and differentiated from recurrent 
tumor, these imaging features on a single CT scan are not 
totally definitive. Kelvin et él. [21] reported that 60% of the 
presacral masses caused by postoperative fibrosis tended to 
diminish in size and become better defined over time (figs. 7C 
and 7D), 40% of the abnormalities showed no change. 
Masses caused by recurrent tumor enlarge and become less 
well defined on serial studies. The results of Kelvin et al. 
differed from those of Lee et al., who found no abnormal soft- 
tissue abnormalities in 11 patients without recurrent disease 
[30]. Reznak et al. reported a prospective series of 10 patients 
with no securrence in which five patients had essentially 
normal pestoperative CT scans and five had presacral soft- 
tissue masses [31]. The masses tended to diminish in size 
although some remained unchanged for 28 months. These 
authors recommend baseline CT scans of the postoperative 
presacral space to identify postoperative fibrosis so that 
follow-up scans at regular intervals can detect the minor 
changes that may represent early recurrence. Recently Butch 
et al. [18] described the CT evaluation of 28 patients with 
presacral masses after abcominoperineal resection for rec- 
tosigmoid cancer. All lesions were biopsied percutaneously. 
Fifteen (79%) of the 19 solid masses proved to be recurrent 
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tumor, while only three of the five lesions with central areas 
of low density were recurrent carcinoma and none of the four 
gas-containing masses contained tumor. These results em- 
phasize the necessity of CT-guided percutaneous biopsies of 
suspicious presacral or pelvic masses in these patients. 

McCarthy et al. [19] recently reported comparing CT and 
carcinoembryonic antigen for detecting recurrent rectosig- 
moid carcinoma in 28 patients. The authors’ results indicate 
that serial CT with percutaneous CT-guided biopsy is the 
most sensitive method for detecting recurrent rectosigmoid 
carcinoma. 

Recurrent carcinoma confined to the pelvis occurs in 30%- 
50% of patients after resection of rectosigmoid carcinoma 
[32]. Isolated pelvic recurrence is a major cause of death in 
these patients. Over 80% of recurrent pelvic tumors occur 
within 2 years [32]. On the basis of these facts, prior reports 
[13-19], and our findings (table 3), we believe that all patients 
who have undergone resection for rectal or sigmoid carci- 
noma should have a baseline CT study 2-4 months after 
surgery and then every 6 months for 2 years. CT should then 
be performed at yearly intervals. Any new or enlarging pre- 
sacral mass or enlarged lymph node not present on a prior 
study should undergo a CT-guided biopsy. By following such 
a protocol, early asymptomatic recurrences should be de- 
tected and treated appropriately. This approach may prolong 
survival in these patients. 
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Preoperative Evaluation of 
Abdominal Aortic 
Aneurysms by Computed 
Tomography 





A prospective, preoperative study was conducted of 50 electively repaired abdominal 
aortic aneurysms comparing the CT and angiographic findings with those described at 
surgery. CT demonstrated all 50 aneurysms and correctly identified their proximal extent 
in relation to the takeoff of the renal arteries in 47 patients (94%), while angiography 
detected 48 aneurysms (96%) and their correct relation to the renal arteries in all (100%). 
CT correctly identified 40 (98%) of 41 patients with two renal arteries, but only two 
(29%) of seven with three and none of two patients with four arteries. Common iliac 
artery involvement or lack thereof was accurately predicted in 42 (84%) of the 50 
patients and internal iliac artery aneurysms found in one (33%) of three patients. It was 
concluded that CT is not sufficiently accurate for documenting location and patency of 
the renal arteries to allow its routine substitution for angiography in patients undergoing 
preoperative assessment of abdominal aortic aneurysms. 


The confirmation and optimal preoperative evaluation by radiologic imaging of 
patients with abdominal aortic aneurysms (AAA) undergoing elective repair continue 
to generate controversy among vascular surgeons and radiologists. Plain abdominal 
radiography is unable to consistently provide information as to the presence and 
extent of an aneurysm and, thus, assist the physical examination, itself often 
inadequate or misleading [1-4]. Angiography, sonography, and computed tomog- 
raphy (CT) have all been used successfully alone or in combination in diagnosing 
abdominal aortic aneurysms [1-12]. It is generally agreed that sonography can 
disclose the presence of an aneurysm with high accuracy. However, because of 
technical limitations, it cannot satisfactorily and consistently define the proximal 
and distal extent of the process, show involvement of the renal arteries, or detect 
the presence of additional aneurysms along aortic branches [7, 10, 11, 13]. 

Angiography has been the imaging study of choice in the preoperative evaluation 
of AAA [4, 8, 9, 14]. However, its routine use has been challenged lately [7, 10- 
12, 15, 16]. About 95% of electively repaired AAAs are infrarenal in origin and thus 
do not justify an invasive procedure, which requires hospitalization, is expensive, 
and carries a risk, albeit small, of complications. CT, at the same time, has been 
considered by many as capable of providing sufficient preoperative data to obviate 
routine angiography [7, 10, 11, 15]. We conducted a prospective preoperative 
comparative study of angiography and CT in 50 patients with AAA undergoing 
elective repair to establish the contribution and limitations of CT to the management 
of this common vascular surgical problem. 


Subjects and Methods 


Fifty consecutive patients with surgically proven, electively repaired AAAs measuring 4 cm 
or more in largest diameter at surgery were examined preoperatively by aortography and CT. 
Both examinations were performed within 2 hr of each other; angiography was first, followed 
by CT, so as to eliminate the need for administering additional intravenous contrast material 

o 
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Fig. 1.—A, Midstream aortogram. Tortuosity of aorta, without apparent aneurysmal 
dilatation of opacified lumen. B, CT scan shows 5 cm abdominal aortic aneurysm, the lumen 
of which was mostly occupied by thrombus, thus explaining angiographic finding. 


A 





Fig. 2.—A, Midstream aortogram shows takeoff of bilaterally single renal (arrows). Aortic tortuosity and close proximity of renal arteries to aneurysm 
arteries to be proximal to proximal extent of aneurysm (arrows). B, CT scan accounted for misdiagnosis. 
Strongly suggests that aneurysmal dilatation of aorta involves both renal arteries 


for the latter study. The 40 men and 10 women patients ranged in positioned above the aneurysm, and biplane views were obtained. 
age from 53 to 88 years (average 70 years). Additional projections and selective injections were done when re- 
All patients initially underwent midstream aortography via a femoral quired. 


or axillar? approach, using Seldinger technique. The catheter tip was CT was performed on all patients with an OMNI 7070 or Technicare 
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Fig. 3.—A, Intraarterial digital subtraction aortogram shows bilateral double renal arteries (arrows). Aneurysm is clearly infrarenal (arrowhead). B, CT scan 
shows bilateral single renal arteries (arrows). 


2060 scammer. The takeoff of the superior mesenteric artery was first 
identified. Ten 5-mm-thick contiguous slices were then taken starting 
immediatety below the superior mesenteric artery, followed by three 
10-mm-thick contiguous images. The rest of the abdomen down to 
the symprysis pubis was scanned by consecutive 10 mm slices 
separated by 5 mm intervals. Each examination was initially inter- 
preted independently and then compared with the other study and 
with operative findings. 


Results 


CT detected all 50 aneurysms. Angiography identified an 
aneurysmal lumen in 48 patients (96%); the dilated aortic 
lumen was partly thrombos2d and appeared to be of normal 
diameter in the other two patients (fig. 1). 

At surgery the proximal extent was infrarenal in 48 patients 
(96%) and suprarenal in two (4%). Angiography correctly 
identified both patients with suprarenal extension; CT de- 
tected ome. On two occasions CT incorrectly showed the 
proximal extension as beirg suprarenal (fig. 2). Significant 
aortic tortuosity around the origin of the renal arteries was 
the contributing cause for this inaccuracy. Overall, the correct 
proximal 2xtent of the process was identified in 47 patients 
(94%) by CT and in all 48 patients (96%) diagnosed as having 
an aneurysm by angiography. 

There were 41 patients with bilateral single, seven patients 
with unilateral double, and two patients with bilateral double 
renal arteries. Angiography correctly detected all preopera- 
tively. CT correctly identified 40 patients with bilateral single 
and two patients with unilat2ral double renal arteries. On five 
occasions the renal arteries were too close to each other or 
the aorta was too markedly tortuous to allow CT resolution 
of individual vessels (fig. 3}. In the other three patients the 


takeoff of the supernumerary renal artery was below the level 
at which 5 mm contiguous images were obtained. 

Distally, the aneurysm did not extend beyond the aortic 
bifurcation in 25 patients. Extension into the common iliac 
arteries was correctly diagnosed by angiography in 25 pa- 
tients (100%) and by CT in 19 patients (76%). There were 
three internal iliac artery aneurysms detected by angiography, 
of which only one was diagnosed by CT. Again, tortuosity of 
the aorta and its branches was the major contributing factor 
for this discrepancy. 

Angiography and CT were in agreement in measuring the 
largest diameter of the aneurysm in 24 patients. Of the other 
24 cases with angiographic demonstration of an aneurysm, 
the difference in size between the two techniques was less 
than 1 cm in 10, 1-2 cm in 10, and more than 2 cm in four 
patients. In all cases the luminal measurements by CT ex- 
ceeded those by angiography. This discrepancy in the meas- 
urement of the aneurysms was presumably caused by the 
presence of intraluminal clot, which caused the underestima- 
tion by angiography. Overall, there was excellent correlation 
between the measurements derived by CT and surgery. The 
difference in size, where present, between CT and surgery 
did not exceed 1 cm. According to the measurements of their 
largest diameter the aneurysms were distributed in three 
groups: 4-5 cm, 18; 5-6 cm, 16; and larger than 6 cm, 16. 

Additional information related to the aneurysm and relevant 
to surgical planning was the detection by CT of large pseu- 
doaneurysms in two patients (fig. 4). Since there was no 
communication of the aortic lumen with the pseudoaneurysm 
at the time of the study, angiography detected neither. 

In two patients, unilateral, small, poorly functioning kidneys 
on CT had complete occlusion of the ipsilateral renal artery 
on angiography. The CT findings, which included &natomic 
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Fig. 4.—CT scan of large, thrombus-filled pseudoaneurysm adjacent to 
aortic aneurysm. Angiography demonstrated aortic aneurysm only. 


demonstration of the renal arteries, strongly suggested severe 
renal artery disease. 


Discussion 


Spontaneous rupture and the ensuing catastrophic events 
remain the overriding rationale for elective repair of AAA [17- 
20]. Mortality in patients undergoing emergency resection of 
ruptured AAA has been reported to be as high as 50%-58% 
[21, 22]. The incidence of rupture in patients with aneurysms 
4 cm in diameter or larger can be as high as 25%-30% [18]. 
Of the many risk factors potentially associated with aneurysm 
rupture, only size seems to bear on the likelihood of such 
rupture [18]. 

The preoperative evaluation of an AAA should accurately 
provide the following crucial information: document the aneu- 
rysm with accurate measurement of its size (diameter); de- 
termine the proximal extent of the lesion, especially its relation 
to the renal arteries as well as possible thoracic aortic involve- 
ment; document the number and patency of the renal arteries: 
detect associated aneurysms in visceral or peripheral 
branches; and assess the patency of such visceral branches 
as the celiac axis and superior and inferior mesenteric arteries 
[4, 8, 9, 19, 23]. Demonstration of the distal extent of an 
aneurysm and its possible extension into the common iliac 
arteries as well as evaluation of peripheral arterial occlusive 
disease is also helpful. Preoperative knowledge of these 
parameters dictates the operative planning most suitable to 
individual patients, saves operating time and blood loss, and 
may reduce postoperative morbidity by avoiding technical and 
diagnostic problems leading to bowel ischemia and renal 
failure. 

Angiography has been considered the definitive diagnostic 
procedure, and its use recommended on a routine basis [4, 
8, 9, 14]. Of the above-mentioned preoperative parameters, 
it provides reliable data on all but the size of an aneurysm 
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[24] or, occasionally, its presence, if the lumen is partly filled 
with thrombus. Advocates of its routine preoperative use 
consider angiography safe. Brewster et al. [4] reported no 
major complications in 190 patients and Alexander et al. [8] 
had one perforation of an iliac artery resulting in a small 
retroperitoneal hematoma in a group of 61 patients. Many 
vascular surgeons believe that the angiographic findings may 
alter operative planning and prevent postaperative complica- 
tions. In the series of Alexander et al. [8], preoperative aor- 
tography altered the operative plan in 72% of operations. 

Strong arguments against this routine preoperative use 
have also been made [7, 10, 15, 16]. Angiography is an 
invasive and expensive procedure with associated morbidity 
and complications. Because of occasional false-negative re- 
sults in the presence of thrombus, its diagnostic accuracy in 
detecting aneurysms is inferior to that of CT and sonography. 
Since most AAAs originate below the renal arteries, many 
centers do not perform preoperative angiography routinely. 
Therefore, indications for angiography are limited to evaluat- 
ing for possible visceral and peripheral ecclusive disease, 
suspected clinically or by cross-sectional imaging. 

The use of CT has been advocated in the preoperative 
evaluation of an AAA [7, 10, 11, 15, 25]. Eriksson et al. [15] 
reported 100% diagnostic accuracy and correct identification 
of the upper extent of the aneurysm in relation to the renal 
arteries in 79% of the cases by CT. Angiography accurately 
delineated this relationship in 83% of cases. These authors 
did not consider preoperative demonstration of supernumer- 
ary renal arteries as necessary, arguing that the surgeon 
should be able to identify and reimplant these vessels when 
required. In an earlier report the same investigators correctly 
identified by CT the origin of the renal arteries in all cases and 
the proximal limit of the aneurysm in 10 of 13 cases [7]. All 
imaging modalities used disclosed the distal extent of the 
aneurysmal process. Angiography failed to show the anatomy 
at the upper extent of the AAA in four of 13 patients. Technical 
limitations and the presence of intraluminal thrombus reducing 
the diameter of the aneurysmal lumen to normal limits were 
accountable for the angiographic misdiagnoses. 

Dixon et al. [10] reported 100% accuracy in diagnosing the 
infrarenal origin of the AAA in 16 patients. In five more cases, 
CT predicted that the aneurysm began within 1 cm of the 
origin of the renal arteries and was correct in four of them at 
surgery. In three patients with aneurysmal involvement of the 
renal arteries by CT, surgery was not performed to confirm 
the findings. The distal extent of the aneurysm was accurately 
shown in 17 (81%) of 21 operated patients. Angiography was 
apparently not performed. 

Gomes and Hufnagel [6, 11] also supported the preopera- 
tive evaluation of AAAs with CT, citing high accuracy in 
detection and sizing of the aneurysms. They reserved angiog- 
raphy for patients with intestinal angina, horseshoe kidney, 
presence of flank or upper abdominal bruit, hypertension, or 
renal failure. 

Additional advantages of CT include the diagnosis of un- 
expected abdominal disease, pseudoaneurysms that are clin- 
ically unsuspected, and the presence of periaortic inflam- 
mation, which may extend around adjacent viscera, such as 
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the duodenum [26]. Preoperative knowledge of the latter may 
dictate appropriate technical modifications during surgery. 

It is likely that the preoperative AAA imaging controversy 
will persist. The choice between angiography and CT will 
depend on availability, quality and good safety record of the 
service, fmancial consideration, and preference of the vascular 
surgeon. It is clear that CT can diagnose and size an aneu- 
rysm with near perfection and demonstrate proximal and 
distal extent of the process with reasonably high accuracy, 
informatien that many surgeons deem as preoperatively suf- 
ficient. Our study suggests, however, that correct identifica- 
tion of the relation of an AAA to the renal arteries is mainly 
the result of the pathologic process being overwhelmingly 
infrarenal and bilateral single renal arteries being the rule 
rather than the exception. Indeed, CT was not successful in 
documen-ing supernumerary renal arteries. Furthermore, the 
superiority of angiography iN diagnosing patency of visceral 
aortic branches cannot be matched by any other currently 
available imaging modality. For these reasons, angiography 
will continue to be used, whether on a routine or selective 
basis. 


ACKNOWLEDGMENT 


We thank Christos A. Atharasoulis for advice in reviewing our 
manusCrip-. 


REFERENCES 


1. Malon=y JD, Pairolero PC, Smith SF Jr, Hattery RC, Bratke DM, 
Spittell JA. Ultrasound evaluation of abdominal aortic aneurysms. 
Circulation 1977;56[supp! ]:80-85 

2. Hertzer NR, Beven EG. Ultrasound aortic measurement and 
elective aneurysmectomy. JAMA 1978;240: 1966-1968 

3. Graeve AH, Carpenter CM, Wicks JD, Edwards WS. Discordance 
in the sizing of abdominal aortic aneurysm and its significance. 
Am J Surg 1982;144:627-634 

4. Brewster DC, Retana A, Waltman AC, Darling RC. Angiography 
in the management of aneurysms of the abdominal aorta: its 
value and safety. N Eng! J Med 1975;292 :822-825 

5. Shawker TH, Steinfeld AD. Ultrasonic evaluation of pulsatile 
abdominal masses. JAMA 1978;239:419-422 

6. Gomes MN, Hufnagel CA. CT scanning: a new method for the 
diagnesis of abdominal aortic aneurysms. J Cardiovasc Surg 
1979:20:511-516 

7. Eriksson |, Hemmingsson A, Lindgren PG. Diagnosis of abdom- 
inal aertic aneurysms by aortography, computer tomography and 


CT OF ABDOMINAL AORTIC ANEURYSMS 


wo 


10. 


Ti 


12. 


13. 


14. 


1 


16. 


id; 


18. 


19. 


20. 


A P 


22. 


23. 


24. 


25. 


26. 


115 


ultrasound. Acta Radiol [Diagn] (Stockh) 1980;21 :209-214 


_ Alexander RH, Evans MT, Blikken WG. Angiography in patients 


with abdominal aortic aneurysms. South Med J 1981;74:669- 
672 


. Robicsek F. The diagnosis of abdominal aneurysms (editorial). 


Surgery 1981;89:275-276 

Dixon AK, Springall RG, Kelsey Fry |, Taylor GW. Computed 
tomography of abdominal aortic aneurysms: determination of 
longitudinal extent. Br J Surg 1981;68:47-50 

Gomes MN. Clinical and surgical aspects of abdominal aortic 
aneurysms. Semin Ultrasound 1982;3:1 56-169 

Scobie TK, Masters RG. Changing factors influencing abdominal 
aortic aneurysm repair. J Cardiovasc Surg 1982;23:309-313 
Wheeler WE, Beachley MC, Ranninger K. Angiography and 
ultrasonography: a comparative study of abdominal aortic aneu- 
rysms. AJR 1976;126:95-100 

Kwaan JHM, VanderMolen R, Conroy P, Connolly JE. The value 
of arteriography prior to abdominal aneurysmectomy. Am J Surg 
1977;134: 108-114 

Eriksson |, Forsberg JO, Hemmingsson A, Lindgren PG. Preop- 
erative evaluation of abdominal aortic aneurysms: Is there ê need 
for aortography? Acta Chir Scand 1981;1 47:533-537 

Bell DD, Gaspar MR. Routine aortography before abdominal 
aortic aneurysmectomy: a prospective study. Am J Surg 
1982;144:191-193 

Darling RC. Ruptured arteriosclerotic abdominal aortic aneu- 
rysms: a pathological and clinical study. Am J Surg 1970; 
119:397-401 

Darling RC, Messina CR, Brewster DC, Ottinger LW. Autopsy 
study of unoperated abdominal aortic aneurysms: the case for 
early resection. Circulation 1977;56[suppl Il]: 161-164 

Darling RC, Brewster DC. Elective treatment of abdominal aortic 
aneurysms. World J Surg 1980;4:661-667 

McCabe CJ, Coleman WS, Brewster DC. The advantages of 
early operation for abdominal aortic aneurysm. Arch Surg 
1981:116:1025-1029 

Kessler E, Gaylis H. Nonruptured aortic aneurysms. Surg Gyne- 
col Obstet 1981;152:781-783 

Ottinger LW. Ruptured arteriosclerotic aneurysms of the abdom- 
inal aorta: reducing mortality. JAMA 1975;233: 147-150 
Brewster DC, Buth J, Darling RC, Austen WG. Combined aortic 
and renal artery reconstruction. Am J Surg 1976:131:457-463 
Brewster DC, Darling RC, Raines JK, et al. Assessment of 
abdominal aortic aneurysm size. Circulation 1977;56[suppl II]: 
164-169 

Wolk LA, Pasdar H, McKeown JJ Jr, Scott M. Computerized 
tomography in the diagnosis of abdominal aortic aneurysms. 
Surg Gynecol Obstet 1981;1 53:229-232 

Ramirez AA, Riles TS, Imparato AM, Megibow Av. CAT scans 
of inflammatory aneurysms: a new technique for preoperative 
diagnosis. Surgery 1982;91 :390-393 


716 


Book 
Reviews 





Practice Enhancement. The Physician’s Guide to Success in Private Practice. By Greg N. Korneluk. New York: 


Macmillan, 284 pp., 1985. 


If | had been offered this book as a gift 10 years ago, | would have 
refused it. Now as the medical practice atmosphere has changed and 
new realities are facing all practitioners including radiologists, | would 
hurry to buy it. This book is a useful resource for learning how to 
handle these new realities. 

The book is a well-written volume in a pleasant nondidactic style 
that makes for productive reading. The major categories are: Patients, 
Staff, Practice Management, and Colleagues. There are some re- 
statements of problems that those now in practice have already faced 
including accounting, staff management, and a rather thorough review 
of record control. 

There is a new emphasis, however, on reviewing a medical market 
before opening a new office or extending services to new areas. 
There is an excellent summary of simple techniques to review one’s 
own practice strengths and weaknesses. Concrete suggestions are 
offered on revising staff job descriptions toward handling patient 
needs rather than office needs. 

The new information the author offers provides a whole new 
concept for actually marketing our services without sacrificing prin- 
ciples. It reorients the practitioner's thinking toward patient satisfac- 
tion with specific suggestions on how quickly to recognize potential 
trouble spots and how to correct them. A side benefit of this approach 
should be the avoidance of potential malpractice situations. 


This book is written for all practitioners so that everything cannot 
be used in radiologic practice. This is not really a weakness, because 
it allows us to pick and choose material that suits the specific needs 
of our practices. | might add that the material is useful to radiologists 
in either academic or community practice since the new medical 
atmosphere has created common problems for both groups. It is 
Clear in this volume that these common problems can be approached 
with the same solutions in both practice situations. 

| have already incorporated some of these ideas into my practice 
and plan to pursue some of the other suggestions regarding practice 
audit and relationships with referring physicians. | have taken a new 
look at marketing, finally recognizing that it is more than another term 
for selling, and | also plan to adopt some of the objective criteria for 
evaluating the practice, both from the point of view of patient satis- 
faction and return as well as referring physician concerns. 

This is a fine book that comes at exactly the right time. It is very 
useful and should be read by all who teach or practice radiology and 
with equal interest by all residents who are looking forward to 
practices of their own. 


Raymond A. Gagliardi 
St. Joseph Mercy Hospital 
Pontiac, MI 48053 


Sensitivity and Specificity of Common Scintigraphic Procedures. A Review of Clinical Efficacy. By Michael L. 
Goris: Chicago: Year Book Medical, 127 pp., 1985. $29.95 


This short monograph is an attempt to evaluate the sensitivity and 
specificity of certain scintigraphic imaging procedures with regard to 
select disease processes. 

There are 10 chapters. In each, different imaging procedures are 
described and specific clinical indications are evaluated for the sen- 
sitivity and specificity of the procedures. Also, technical aspects of 
the procedures are described and the reasons for application to the 
specific clinical indications. The sensitivity and specificity that one 
can expect from each procedure is also discussed. The final chapter 
addresses the mathematical concept of Bayes theorem and the 
application of this theorem to clinical imaging and diagnosis. For the 
interested reader, there are complete references at the end of each 
chapter. 


The book provides useful information for clinicians regarding scin- 
tigraphic procedures employed in the diagnosis of specific diseases, 
however, at times the frequently quoted numeric data and percent- 
ages make the text somewhat tedious reading. Because there are 
no illustrations, use by radiologists and nuclear physicians will be 
limited. Thus, while | can recommend this book for clinicians, | cannot 
wholeheartedly endorse it for imaging specialists. 


Jeffrey Bisker 
University of Louisville 
Louisville, KY 40204 
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Sclerosing Cholangitis 
Associated with Hepatic 
Arterial FUDR 
Chemotherapy: Radiographic- 
Histologic Correlation 





During a 2-year period, cholangiography was performed on 17 patients with clinical 
evidence of cholestasis who were receiving hepatic intraarterial floxuridine (IA-FUDR) 
infusions for treatment of metastatic colorectal adenocarcinoma. The development of 
cholestasis was associated with persistently elevated alkaline phosphatase, but serial 
CT examinations of the liver showed no progression of the tumor. All patients had 
cholangiographic abnormalities (by endoscopic retrograde cholangiopancreatography, 
percutaneous transhepatic cholangiography, or operative cholangiography) of the biliary 
ductal system similar to those in idiopathic sclerosing cholangitis. Certain features, 
however, appear specific to IA-FUDR-induced cholestasis. All patients studied had 
segmental involvement at the common hepatic duct bifurcation. The cystic duct and 
gallbladder were often involved, but the distal common bile duct was spared. Histologic 
features of periportal and periductal fibrosis were present in specimens obtained from 
percutaneous liver biopsy in three patients, cholecystectomy in four patients, and 
autopsy in two patients. When clinical signs of hepatic dysfunction occur in the absence 
of tumor progression, biliary sclerosis must be suspected. 


A recent advance in the palliative therapy of patients with metastatic liver disease 
is the infusion of chemotherapeutic agents via surgically implanted intraarterial 
pumps. While several complications of intraarterial therapy have been encountered 
[1-3], a major limitation of its use has been toxicity manifested by elevated liver- 
function tests. 

This study was performed to document changes in the biliary tract associated 
with deteriorating liver-function tests in such patients. All our patients had abnormal 
examinations with radiographic changes similar to those found in idiopathic scle- 
rosing cholangitis. 


Subjects and Methods 


Between May 1983 and March 1985, we examined 17 patients receiving hepatic imtraar- 
terial floxuridine (IA-FUDR) infusion for colorectal carcinoma metastatic to the liver by 
percutaneous transhepatic cholangiography (PTC), endoscopic retrograde cholangiopancrea- 
tography (ERCP), or operative cholangiography. These patients were among 110 randomized 
to the intraarterial arm of a prospective study comparing the effectiveness of selective hepatic 
artery and systemic venous FUDR infusion in patients with hepatic metastases. Details of 
surgical placement of hepatic arterial catheters and Infusaid pumps (Metal Burrows Corp. 
mode! 480) have been described elsewhere [4]. Initial drug dosage schedules included 14- 
day treatment cycles of 0.2-0.3 mg/kg/day of IA-FUDR alternating with 14-day periods of 
heparinized water infusion. 

Tumor response was monitored in all patients by carcinoembryonic antigen determinations 
at 6-week intervals and by abdominal CT scans with analysis of tumor burden within the liver 
at 3-month intervals. Serum liver enzymes and bilirubin levels were determined every 2 weeks. 

Drug toxicity was suspected when persistently elevated levels of alkaline phosphatase, 
serum transaminases, and/or bilirubin occurred in the absence of evidence suggesting tumor 
progression. To exclude tumor extension as the cause of these biochemical changes, CT or 
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sonography was performed in all cases. CT was used to exclude 
dilated bile ducts or porta hepatis masses. Cholangiograms were 
obtained to evaluate two clinical situations: either when CT and 
sonography revealed nondilated ducts or when these methods failed 
to reveal the cause of dilated ducts (i.e., metastatic disease or porta 
hepatic mass). 

ERCP was performed in 12 patients, PTC in seven, and operative 
cholangiography in four. Several patients were studied by more than 
one type of examination. Six patients had ERCP alone: three patients 
had PTC alone; two patients had operative cholangiography alone; 
four patients had both PTC and ERCP: and two patients had both 
ERCP and operative cholangiography. ERCP was chosen as the first 
test because it was readily accessible and provided information about 
the cystic duct as well as the common bile duct. common hepatic 
duct (CHD), and intrahepatic ducts. PTC was performed when ERCP 
failed or when it failed to show any ducts beyond the CHD. 

Percutaneous liver biopsies were obtained in three patients after 
ERCP in order to confirm the radiographic findings and to exclude 
underlying tumor or hepatitis. These random liver biopsies were 
performed with standard percutaneous technique and 14-gauge core 
biopsy needles. Five patients included in this Study have died; autopsy 
was performed in two of these. Five patients were returned to the 
operating room within 1 month of radiographic examination. Porta 
hepatic exploration and liver biopsy were performed in all five patients. 
Therefore, tissue was available for analysis in 10 of the 17 patients. 
Cholecystectomy and operative cholangiography were also per- 
formed in four patients for chemically induced cholecystitis and sus- 
pected choledocholithiasis. 

All radiographic studies were retrospectively evaluated for caliber 
and contour abnormalities. Specific sites of involvement were noted 
and classified according to a radiographic pattern recently proposed 
[5]. 


Results 


. All patients had elevated liver-function tests with alkaline 
phosphatase more than 300% above baseline. The number 
of cycles of IA-FUDR until time of examination ranged from 
two to eight. When liver-function tests were elevated, sonog- 
raphy and CT were performed to determine the presence of 
advancing metastasis. In no case was there evidence of 
progression of metastases or porta hepatis mass. 
@ 
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Fig. 1.—PTC shows disease limited to bifurca- 
tion of common hepatic duct (arrows) (group 1). 
Stenosis is severe (grade 3). 


Fig. 2.—ERCP shows mild stenosis (straight 
arrow) of CHD bifurcation (grade 2) with multiple 
areas of more severe stenosis (Curved arrows) 
(grade 3) within intrahepatic ducts (group 2). 


All patients studied had abnormal examinations. The ab- 
normalities were most severe at the bifurcation of the CHD, 
and all patients had segmental involvement at this site. While 
the disease process was identified at branch points within the 
biliary tree, it was not confined to them. No patients had 
identifiable abnormalities of the distal common bile duct. 

We have classified the distribution of lesions into four 
groups. Group 1 patients had disease limited to the bifurcation 
of the CHD (6 of 17) (fig. 1). Group 2 patients had abnormal- 
ities limited to the CHD bifurcation and intrahepatic ducts (2 
of 17) (fig. 2). Group 3 patients had disease limited to the 
CHD bifurcation and proximal extrahepatic ducts, including 
the cystic duct (4 of 17) (figs. 3A and 3B). Group 4 patients 
showed segmental areas of involvement of the intra- and 
extrahepatic ducts (5 of 17) as well as the CHD bifurcation. 

We divided the radiographic findings into four grades of 
severity according to the classification of Chen et al. bol. 
Grade 1 lesions appeared as mild serrations or beading of 
the luminal contour (6 of 23) (fig. 4). Grade 2 lesions appeared 
as mild, smoothly tapered stenosis of the luminal Caliber 
without proximal duct dilatation (3 of 23) (fig. 5). Grade 3 
lesions appeared as moderate (50%-80%) stenosis with mild 
dilation proximally (7 of 23) (figs. 3A and 3B). Grade 4 lesions 
had severe to subtotal (80%-99%) irregular segmental ste- 
noses with definite dilatation of proximal ducts (7 of 23) (fig. 
5). Several patients had more than one pattern of involvement 
at different areas. 

Because of persistently elevated liver-function tests and 
increasing right-upper-quadrant pain, one patient had ERCP 
at the end of two and six cycles of IA-FUDR therapy. The 
examinations revealed progressive sclerosis (Grades 1-3) 
limited to the CHD bifurcation (Group 3) (fig. 6) and the cystic 
duct. Cholecystectomy performed 1 week after the second 
ERCP revealed a densely fibrotic cystic duct and gallbladder, 
acalculous cholecystitis, and no evidence of tumor within the 
porta hepatis. 

Three other patients studied earlier developed symptoms 
of the right upper quadrant and liver-function tests Suggestive 
of chemical cholecystitis and were shown operatively to have 
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A 


Thickening and enhancement of CHD wall (arrows). C, Note normal caliber of 
CBD in most caudal slice (curved arrow). Tip of indwelling catheter is abo seen 
at this level (straight arrow). 


Fig. 3.—A, ERCP reveals moderate stenosis of CHD bifurcation (grade 3), 
involvement of entire CHD, and total stenosis of cystic duct (group 3). CT scan 
was obtaimed to exclude portal lynphadenopathy as source of involvement. 


Contiguous axial slices through parta hepatis reveal no evidence of tumor. B, 


Fig. 4.—ERCP reveals mild beading of luminal 
contour o CHD (arrowheads) egrade 1). Mild, 
smoothly tapered stenosis is seen at bifurcation of 
CHD (grace 2) (arrow). 


Fig. 5.—PTC shows subtotal stenosis of CHD 
bifurcation (grade 4) with proximal intrahepatic duct 
dilatation. Note irregular filling of cystic duct and 
gallbladder (arrows), which were found to be 
densely fibrotic at cholecystectomy. 


extensive fibrosis of both cystic duct and gallbladder. All 
patients underwent cholecystectomy. Because of this expe- 
rience, all subsequent patents admitted to the study had 
prophylactic cholecystecto ny at the time of infusion-pump 
placement. 

Liver biopsy specimens were obtained for light and electron 
microscopy in seven patien’s. Light microscopy revealed can- 
alicular Cnolestasis, focal ductal proliferation, and pericholan- 
gitis as prominent findings. Electron microscopy of bile ducts 
revealed epithelial membrane blebs consistent with bile duct 
damage. In no patients was a tumor identified that affected 
the bile cucts, and typical features of hepatitis were absent. 

Autopsy review of the liver was performed in two patients. 





In both, the porta hepatis was replaced by a white to tan, 
hard, well circumscribed mass of tissue. On section, this was 
composed entirely of scar tissue containing residual portal 
tracts (fig. 7). The portal triads were distributed throughout 
the scar, suggesting that the scar tissue was formed by 
sclerosis of normal duct and liver parenchyma rather than by 
sclerosis of tumor, since the latter would have destroyed the 
portal regions. No local carcinoma was found in either case. 


Discussion 


The liver is the most frequent site of metastatic dBease 
from colon carcinoma, being involved in up to 25% of patients 
8 
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Fig. 7.—Section from porta hepatis shows dense tissue (pale regions) 
replacing normal hepatic parenchyma and encasing residual portal tract. Elastic 
fibers of portal tract stains black, and residual sclerosed ductal and vascular 
structures can be seen (arrows) (elastochrome X32). 


at presentation [6]. No single form of therapy is used exclu- 
Sively for treatment of these patients. Therapeutic approaches 
include surgical resection, hepatic arterial ligation or emboli- 
zation, radiation therapy, intravenous chemotherapy, and, 
more recently, intraarterial chemotherapy infusion. Intraarte- 
rial administration of chemotherapeutic agents has been used 
to deliver high doses of these agents to the tumor bed while 
Sparing hepatocytes supplied primarily by the portal venous 
system. 

Floxuridine (FUDR), a cell-cycle active fluropyrimidine, has 
a high rate of extraction on first pass through the liver, which 
limits systemic toxicity. Chronic administration of FUDR via 
Surgically implanted infusion pumps has produced response 
rates ranging from 29% to 88% [6]. While several complica- 
tions of IA-FUDR have been encountered, a major limitation 
in its administration has been toxicity manifested by an ele- 
vation oPliver-function tests [1-3]. 
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Fig. 6. —A, ERCP reveals mild serrations (grade 
1) of CHD with total occlusion of cystic duct. B, 
ERCP 8 weeks later shows progression of sclerosis 
at CHD (grades 1-3) with persistent cystic duct 
obstruction. At laparotomy 1 week later, cystic duct 
and gallbladder were found to be densely fibrotic. 
Porta hepatis was free of tumor. 


Until recently, the elevations of liver-function tests seen 
during IA-FUDR administration had been attributed to “chem- 
ical hepatitis.” Carrasco et al. [7] have described chemical 
cholecystitis in patients receiving infusion chemotherapy. 
Hohn et al. [4, 8] first established the presence of this entity. 
Two recent reports in the radiology literature [9, 10] and one 
in the surgical literature [11] describe brief series of patients 
with identical processes, although no histologic documenta- 
tion was available. 

Our evaluation of these patients using CT or sonography 
clearly excluded recurrent tumor or hepatitis as causative 
factors. Radionuclide flow studies performed by Botet et al. 
[10] clearly exclude vascular obstruction as a causative factor. 
The relation of the sclerosing process to IA-FUDR dose is not 
yet clear. Elevation of liver-function tests has been identified 
in varying degrees in nearly all patients independent of tumor 
response [6]. We have identified the form of sclerosing cho- 
langitis in 17 (15%) of 110 patients tested with intraarterial 
infusion chemotherapy. We may be underestimating the true 
incidence of bile duct injury, since we have studied only those 
patients with major persistent elevations in liver-function 
tests. No factors have been identified that can predict which 
patients are most susceptible to the development of biliary 
sclerosis. 

In patients operated on at our institution, injection of fluo- 
rescein into the common hepatic artery and examination with 
Wood's light demonstrated the greater fluorescence at the 
sites of maximal disease [8]. Even after surgical devasculari- 
zation of the extrahepatic ducts, the fluorescein accumulated 
densely at the bifurcation of the CHD. indicating retrograde 
flow from the liver provided by the perforating branches of 
the hepatic artery. It is interesting that no fluorescence was 
identified by this manner around the distal common bile duct, 
where there was no radiographic evidence of disease. These, 
as well as anatomic studies, confirm that the arterial supply 
to the lower bile duct is from gastroduodenal and superior 
mesenteric branches [12], which are isolated from drug injec- 
tion, and they shed light on the manner of the distribution of 
disease. 
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The evidence in our series suggests that the process is 
largely irreversible, althoug) this may reflect the patient pop- 
ulation studied. Histologic 2xamination of involved areas re- 
veals a densely fibrotic reaction that replaces the periportal 
liver parenchyma and extrahepatic connective tissue and 
surrounes the ductal structures. In all our patients, the intra- 
arterial therapy was interrupted and resumed only at very low 
doses with careful monitoring of liver-function tests. 

When evaluating these patients radiographically, we found 
that ERCP was successful and provided the necessary infor- 
mation. We therefore reconmend ERCP as the initial step, 
especially in those patients without biliary tract dilatation. 
When cannulation of the papilla cannot be achieved, or when 
filling of the biliary tree is incomplete, PTC may then be done. 
In this pepulation, intrahepatic duct involvement, when pres- 
ent, was-often multifocal and dilatation uncommon. Numerous 
punctures were often needed to opacify the entire biliary tree. 

The radiographic findings have certain features that are 
similar to those of the idiopathic sclerosing cholangitis asso- 
ciated with inflammatory bowel disease and retroperitoneal 
fibrosis [5]. The spectrum cf radiographic abnormalities vary- 
ing from minimal luminal irregularity of the ductal contour to 
near obliteration of the ductal lumen with proximal dilatation 
is very mearly identical in the two diseases. However, the 
large ulcerations, as seen in idiopathic sclerosing cholangitis, 
have not been identified in chemotherapy-associated biliary 
sclerosis In addition, the pattern of distribution is similar to 
that seen in idiopathic sclerosing cholangitis. However, in all 
cases, the bifurcation of the CHD is involved. In no cases has 
the dista! common bile duct been involved. Sclerosis of the 
cystic duct and gallbladder leading to cholecystitis is also 
atypical ef sclerosing cholangitis. 

A form of biliary sclerosis quite specific in its presentation 
is identified in patients receiving IA-FUDR administration via 
surgically implanted infusior pumps. The pathogenesis of this 
process almost definitely relates to the arterial delivery of the 
agent. Patients most at risk to develop this sclerosis have not 
been identified. When clinical symptoms or signs of hepatic 
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dysfunction occur in the absence of progression of metastatic 
disease, biliary sclerosis must be suspected. 
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Dynamic CT Features of 
Arterioportal Shunts in 
Hepatocellular Carcinoma 





Dynamic computed tomographic (CT) findings of 42 patients with hepatocellular 
carcinoma having angiographically proven arterioportal shunt were reviewed. CT find- 
ings related to arterioportal shunt were as follows: (1) early enhancement of the portal 
vein, which showed a time-density curve similar to that of the aorta, (2) markedly 
prolonged enhancement of the portal vein, (3) dilated, abnormal intrahepatic vessels 
often accompanied by irregular, transiently enhanced areas, (4) transient high attenua- 
tion of lobar or segmental distribution in the lobe contralateral to the main tumor, and 
(5) transient wedge-shaped enhancement peripheral to the tumor. Dynamic CT usually 
detected arterioportal shunts involving larger portal veins as represented by any of the 
first four findings (14 of 17), whereas detection of arterioportal shunts involving smaller 
portal veins was lower in frequency (8 of 25), but such a shunt could be demonstrated 
as transient wedge-shaped enhancement peripheral to the tumor. 


Arterioportal shunts occur in various conditions including hepatic tumors, trauma, 
and liver cirrhosis (especially after portocaval shunt operation) [1]. Dynamic CT has 
made it possible to detect arterioportal shunt involving major portal branches [2]. 
The frequency of arterioportal shunt is very high in hepatocellular carcinoma (HCC) 
[3] among hepatic tumors. The findings of dynamic CT in HCC have been sporad- 
ically reported but were limited to cases [4, 5] involving a larger portal vein. We 
describe various dynamic CT findings noted in HCC with proven arterioportal shunt. 


Materials and Methods 


Dynamic CT studies of 42 patients with HCC having angiographically proven arterioportal 
shunt were reviewed. Thirty-eight were men and four were women with an average age of 
58 years. The proximal site of the portal vein opacified on a hepatic angiogram was as 
follows: portal trunk or more proximal in 10, first-order (main) branch in five, second-order 
branches in two, and third-order and smaller branches in 25 cases. 

CT was performed using a GE CT/T 8800 or 9000 with a scanning time of 11 or 5 sec, 
respectively. All the CT examinations were done before the angiograms. Dynamic study with 
various intervals of scan and numbers of slices was performed with a manual bolus injection 
of 60 ml of Conray 400 (sodium iothalamate). Except for two patients, the dynamic scan 
sequence was performed only once at the level of the tumor detected on plain CT or near 
the level of the hilum when tumor was not demonstrated on plain CT. 

One hundred cases of HCC lacking an arterioportal shunt on angiogrephy and examined 
by dynamic CT study were reviewed as control group. 


Results 


Dynamic CT findings related to arterioportal shunt were as ‘ollows: (1) early 
enhancement of the portal vein, which showed a time-density curve similar to that 
of the aorta in three cases, (2) markedly prolonged enhancement of the portal vein 
in two cases (fig. 1), (3) dilated, abnormal intrahepatic vessels often surrounded by 
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irregular, transiently enhanced area(s) in seven cases (figs. 2 
and 3), (4) transient high attenuation of lobar or segmental 
distribution in the lobe contralateral to the main tumor in four 
cases, and (5) transient wedge-shaped enhancement periph- 
eral to the tumor in seven cases (fig. 4). The relation between 
dynamic CT and angiographic findings are shown in table 1. 

The following findings were noted in the control group: a 
dilated vessel parallel to the nonenhanced portal vein in one, 
early mild enhancement of the portal vein in one, transient 
high attenuation of lobar or segmental distribution in three 
(ipsilateral to the tumor in two and contralateral to the tumor 
in one), and wedge-shaped enhancement in three, including 
two equivocal cases. 

Angiographically, four of five cases having the first three 
findings showed filling defects in the portal trunk or main 
portal branch but did not disclose either “thread and streaks” 
sign or opacification of the portal vein. One of these five cases 
had obstruction of main portal branch contralateral to the 
tumor and showed transient high attenuation of the lobe 
ipsilateral to the obstruction. The remaining three cases 
showed no particular angiographic findings. 





Fig. 1.—Markedly prolonged enhancement of portal vein 4 min after bolus 
injection. Dilated portal vein was noted in lobe contralateral to main tumor. 
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Discussion 

Arterioportal shunts are noted in a variety of hepatic dis- 
eases [1]. However, arterioportal shunts of larger portal veins 
associated with tumor are almost always limited to HCC, and 
even the frequency of smaller ones is far higher in HCC. 
According to Okuda et al. [3], arterioportal shunts occurred 
in 63% of cases of HCC (second-order and larger portal vein 
in 41% and third-order and smaller branch in 22%). 

The route of arterioportal flow is either transsinusoidal or 
transvasal [1]. Okuda et al. [3] classified arterioportal shunt 
as follows: (1) through a tumor thrombus in the portal branch, 
(2) retrograde via a peripheral tumor nodule, (3) through a 
small tumor invading or amputating an artery, and (4) through 
a tumor located near a major portal vein branch and supplied 
by a large, coiling artery. 

One of the direct CT findings of arterioportal shunt is early 
demonstration of the affected portal vein with a time-density 
curve similar to that of the aorta, first described by Axel et al. 
using dynamic CT [2, 4, 5]. Besides this sign, we observed 
several dynamic CT findings related to arterioportal shunt: for 
shunts affecting larger portal veins: (1) markedly prolonged 
enhancement of the portal vein, (2) dilated, abnormal intra- 
hepatic vessels often surrounded by irregular, transiently 
enhanced areas, and (3) transient high attenuation of lobar or 
segmental distribution in the lobe contralateral to the main 
tumor; for smaller ones: (4) transient wedge-shaped enhance- 
ment peripheral to the tumor. 

The finding of prolonged enhancement of the portal vein 
seems to be a variation of the classic sign described by Axel 
and suggests that voluminous arterial blood supply through 
the shunt causes slow turnover of portal blood. 

All patients with dilated, abnormal intrahepatic vessels often 
surrounded by irregular, transiently enhanced areas had tu- 
mor thrombi in the larger portal vein. These tumor thrombi 
were detected by the “thread and streaks” sign on the angio- 
gram and/or a hypodense mass showing enhancement on 
dynamic CT. Therefore, this is essentially the same finding as 
“hairy appearance of tortuous artery” (CT appearance of 
“thread and streaks” sign), and “rail sign” (periportal arterial 
hypervascularization) described by Mathieu et al. [6]. How- 
ever, in three cases irregular transiently enhanced areas were 


Fig. 2.—Dilated, abnormal intrahepatic vessels 
surrounded by irregular, transiently enhanced areas 
10 (A) and 14 (B) sec after bolus injection. A, 
Enlarged right hepatic artery and more dilated, ab- 
normal vessels (black arrow) concomitantly appear. 
They are surrounded by irregular, transiently en- 
hanced areas (arrowheads). B, Tumor thrombus in 
portal trunk (arrow) shows slight enhancement. 
(Courtesy of T. Araki, M.D., Yamanashi Medical 
College.) 
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Fig. 3.—Dilated, abnormal intrahepatic vessel surrounded by irregular, tran- trunk (arrowheads) is also noted. Irregular, transiently enhanced area in lateral 
siently enhanced areas. A, 15 sec after bolus injection. Dilated, abnormal segment does not correspond to extent of tumor thrombi or coiled arteries. C, 
intrahepatic vessels are surroundec by irregular, enhanced areas in both lobes Parenchymal phase. Portal vein in lateral segment and obstruction of portal 
(arrowheaas). B, Celiac angiogram, arterial phase. Large coiled arteries (arrow) trunk due to tumor thrombus (black arrow) are well delineated. Cavernous 
are noted around proximal right hepatic artery. Early opacification of portal transformation (white arrow). 


Fig. 4.— ransient high attenuation and segmen- 
tal distribution in lobe contralateral to main tumor. 
A, Huge hypodense area is noted om plain CT. This 
area corresponds to enlarged posterior segment of 
right lobe. B, Remaining liver discloses marked 
increase of @ensity 15 sec after bolus enhancement. 
C, Hepatic angiogram. D, 1.5 sec later. Marked 
arterioportai shunt (arrow) and eerly, prominent 
opacification of portal veins are noted. 





C 
diffusely noted beyond the extent of tumor thrombi (fig. 5). The finding of transiently high attenuation of lobar or seg- 
We believe this finding also reflects arterioportal collateral mental distribution in the lobe contralateral to the main tumor 
vessels that do not reach the parenchyma because of hepa- apparently reflects a massive arterioportal shunt opacifying 
tofugal flew or moderate vo ume of shunt flow. the entire lobe or segments. In four of our cases, tumors were 
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TABLE 1: Dynamic CT and Angiographic Findings in HCC with Arterioportal Shunt 


E O eA e a S S E TT I I I I I I TI I I I III I OI IS 
Largest Portal Vein Opacified on Angiogram 
































ii Maa i. Str a n= 
(n = 10) Order Branches (n = 7) (n = 25) 

Early enhancement of portal vein which shows similar time- 

density curve of aorta . beer HOG bea Row Poh UU a Rada 2 1 0 3 
Markedly prolonged enhancement of portal v vein... ... 1” 1 0 2 
Dilated, abnormal intrahepatic vessels often accompanied 

by irregular, transiently enhanced areas ....... 4* 2 tI g 
Transient high attenuation of lobar or segmental distribu- 

tion in lobe contralateral to main tumor ....... 3 1 0 4 
Transient wedge-shaped enhancement peripheral to 

tumor | peta Rv letter Jaa ke ae cd he atl 0 0 7 7 

Total cases with positive findings............ SOF 9* 9 8 Pg 





* A patient showed two different findings. 
t Fair celiac angiogram due to marked splenomegaly. 


Fig. 5.—Transient wedge-shaped enhancement 
peripheral to tumor. Subtle hypodense mass with 
capsule on plain CT (A, arrowheads) shows marked 
enhancement 18 sec after bolus injection (B). Note 
wedge-shaped enhancement (arrows) lateral to 
mass, which disappeared on late postcontrast 
scan. Angiogram reveals prominent arterioportal 
shunt (arrow) distal to tumor in arterial phase (C) 
and then discloses szaining (arrowheads) between 
tumor and hepatic contour (D). 





located near the right major portal branch, and angiography However, transient high attenuation per se is not charac- 
showed marked and extensive opacification of the portal vein teristic of arterioportal shunt, as we [7] and Mathieu et al. [8] 
on the left side as well as small parts of the portal vein on the reported earlier. In cases of tumor thrombus or nontumor 
right side, which was detected as transient high attenuation thrombus in the major portal branch, a hypodense lobe on 
of the left side on a small-number and long-interval dynamic plain CT can become hyperdense on dynamic CT because of 


study. the increased arterial blood supply of the ipsilateral side [7, 
o 
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9]. The detection of tumor localized contralateral to the en- 
hanced tobe is essential to diagnose arterioportal shunt but 
is still not characteristic, as was noted in one case in our 
control group. 

Close-interval dynamic scanning with a fast scanner will 
detect early appearance of a prominent portal vein instead of 
diffuse enhancement and will allow a more direct diagnosis of 
arteriopertal shunt. 

The finding of transient wedge-shaped enhancement pe- 
ripheral to the tumor corresponds to an arterioportal shunt 
located distal to the tumor. Mathieu et al. [10, 11] described 
triangular hypercense segments of the hepatic parenchyma 
appearing in the arterial phase of dynamic CT, which were 
noted in patients with iatrogenic arterioportal fistulae and 
hepatic abscess. 

On the other hand, Matsui et al. [12] reported segmental 
Staining distal tc HCC tumor on hepatic angiography as a 
sign of intrahepatic portal vein obstruction. They attributed 
this phenomenor to transsinusoidal or peripheral arterioportal 
shunting. Retrograde opacification of the portal vein was 
angiographically noted in two of eight cases. With CT scans 
taken during arterial portocraphy through the superior mes- 
enteric artery, an angiographically enhanced area was dem- 
onstrated as a segmental, wedge-shaped perfusion defect 
[12], which would be a segmental, high-attenuation area on 
intravenous dynamic CT. 

Three cases im our control group did not disclose either 
portal vein opacification or segmental staining distal to the 
tumor on angiography. CT may be more sensitive in detecting 
slight staining or this could >e an artifact. 

Wedge-shapec enhancement in our cases of HCC with 
arterioportal shunt was usually inhomogeneous but occasion- 
ally homogeneous, although cases reported by Mathieu 
showed nomogemeous enhancement [11, 12]. This enhance- 
ment occurs in the arterial and/or parenchymal phase, 
whereas localized Budd-Chiari or venoocclusive disease 
Causes patchy wedge-shaped enhancing in a much later 
phase [13]. 

The demonstration of ar arterioportal shunt is important 
for three reasons: detection of tumor, characterization of the 
tumor, and determination of treatment. 

Tumor is often difficult to detect in diffuse HCC. In nine 
cases of the diffuse type, zhe presence of tumor was sug- 
gested by lobar or segmental attenuation difference of the 
liver in six and byequivocal, subtle hypodense areas in three. 
Dynamic CT confirmed the dresence of tumor in all cases by 
demonstrating am arterioportal shunt (eight cases) and/or 
tumor thrombus ef the proximal portal vein (eight cases). 

As to characterization of tumor, the presence of an arter- 
ioportal shunt, especially o% a larger portal vein, with other 
dynamic CT findimgs [14, 15] strongly suggest the diagnosis 
of HCC, and diagnostic hepatic angiography may not be 
necessary. Finally, the presence of a large arterioportal shunt 
is a critical findingscontraindicating resection of the tumor [16]. 

In summary, arerioportal shunt of HCC was demonstrated 
in 18 andesuggestsd in four of 42 cases examined by dynamic 
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CT. Arterioportal shunt of a larger portal vein angiographically 
opacified was detected frequently (14 of 17), whereas that of 
a smaller portal vein was found less frequently (8 of 25) but 
could be demonstrated as transient wedge-shaped enhance- 
ment peripheral to the tumor. 
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CT of Hepatic Masses: 
Significance of Prolonged and 
Delayed Enhancement 





Hepatic masses showing higher density than that of liver after 3 min (prolonged 
enhancement) and/or having prominent enhancement after the arterial-dominant phase 
(delayed enhancement) of dynamic CT (bolus enhancement followed by serial scans) 
were reviewed. Prolonged enhancement was noted in any hepatic masses, but mainly 
in cavernous hemangioma and capsule of hepatocellular carcinoma, whereas delayed 
enhancement occurred in capsule of hepatocellular carcinoma and occasionally in 
metastatic tumor. The volume of arterial and portal blood supply, turnover rate of blood, 
extent of the interstitial space, and diffusion rate between the vascular and interstitial 
space, as well as dose and speed of contrast agent administered, seemed to be 
important factors in such contrast enhancement. Prolonged enhancement and celayed 
enhancement are nonspecific but still are of some value in the differentiation of hepatic 
masses on dynamic CT. 


Dynamic CT (bolus enhancement followed by serial scans at the same level) has 
enabled us to analyze the dynamic distribution of contrast material in the normal 
liver and hepatic masses [1-4]. Almost all hepatic tumors other than cavernous 
hemangiomas become hypodense or isodense at 2 min after bolus injection of 
contrast material [4-9]. However, some tumors show definitely higher density than 
the normal liver on postcontrast scans after 3 min (prolonged enhancement). On 
dynamic CT of these prolongedly enhanced masses, many masses show hyper- 
density in the early phase and lasting 3 min or longer [8, 9], but some tumors 
reveal prominent enhancement occurring after the arterial-dominant phase (delayed 
enhancement) [10]. 

The purpose of this communication is to survey what kinds of hepatic masses 
show such prolonged and/or delayed enhancement, to speculate on what mecha- 
nism causes these phenomena, and to discuss their significance in diagnosis. 


Materials and Methods 


Solid hepatic masses examined by pre- and postcontrast CT were reviewed for prolonged 
and/or delayed enhancement of the masses among patients examined at the University of 
Tokyo Hospital. There were 346 patients with hepatocellular carcinoma (HCC), 105 patients 
with metastatic liver tumor, 53 patients with cavernous hemangioma, 18 patients with 
intrahepatic biliary malignancy, and 16 patients with liver abscess. 

The CT instrument used was a GE CT/T 8800 or 9000 with a scanning time of 11 and 5 
sec, respectively. After precontrast scanning of the whole liver, contrast enhancement was 
performed by drip infusion of 220 ml of 30% Conray (meglumine iothalamate with total iodine 
of 31 g, usually in several minutes) in the first 188 cases (1979-1981) and by manual bolus 
injection of 60 ml of Conray 400 (sodium iothalamate, total iodine 24 g) through the antecubital 
vein, using an 18 gauge needle (usually in 10-20 sec), in the 350 cases thereafter. Dynamic 
CT was performed in 330 cases and the protocol varied: three scans at intervals of 1 min in 
1979-1981; thereafter, serial 11 sec scans of three slices or 5 sec scans of six slices with 
short pause intervals (less than 2 sec) or three to five scans at intervals of 20-30 sec. After 

@ 


730 ITAI ET AL. 








A 


AJR:146, April 1986 


Fig. 1.—Prolonged, external enhance- 
ment in HCC. A, Preenhancement scan. 
Large hypodense mass surrounded by 
thin rim of lower density. B, Postenhance- 
ment scan. External enhancement of 
main and secondary tumor as well as 
internal enhancement in main tumor. 





B 


Fig. 2.—Prolonged, internal septumlike enhancement in malignant melanoma. A, Preenhancement scan. Markedly hypodense mass. B, Postenhancement scan. 


Septumlike hyperdense area. 


dynamic CT, the whole liver was again scanned for the postcontrast 
study. 

In this article, prolonged enhancement of hepatic masses was 
defined as enhancement of any parts of a hepatic mass showing 
higher density than that of hepatic parenchyma (“absolutely high” or 
“absolute enhancement”) over 3 min, and delayed enhancement was 
defined as enhancement up to absolute high density appearing after 
the arterial-dominant phase of dynamic CT. 


Results 


Hepatic masses having prolonged enhancement were 
noted in 64 cases of HCC, 16 cases of metastatic liver tumor, 
33 cases of Cavernous hemangioma, four cases of intrahe- 
patic biliary malignancy, and four cases of abscess. The 
prolonged enhancement areas were distributed throughout 
the entire mass or in the external or internal part of the mass. 
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Fig. 3.—Prolongec and delayec enhancement of internal bull’s-eye type in 
metastatic cancer. A, Preenhancement scan in a patient with breast cancer. 
Large mass in lateral segment of left lobe and small mass in anterior segment 
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Fig. 4.—Prolongec and delayed external-type enhancement on dynamic CT 
in HCC. A, Preenhancement scan. Round hypodense mass is accompanied by 
thin, smocth rim of lower density in patient with HCC. Dynamic CT shows 
diffuse enhancement in 10 sec arterial-dominant phase (B), which persists in 


“Entire” enhancement occurred in 16 cases and was wholly 
limited to cavernous heméengioma. “External” enhancement 
was noted in 67 cases and was almost limited to HCC, where 
the enhanced rim was thin in width, sharp in contour, round 
in shape, and circular/or curvilinear in continuity (fig. 1). The 
other seven cases were metastatic tumor (five cases) or 
abscess (two cases) and showed slightly hyperdense rim of 
vague contour. 

“Internal” enhancement occurred with masses of varying 
sizes and shapes and was noted with any kinds of masses 
(14 in cavernous hemangiona, 11 in metastatic tumor, five in 
HCC, three in intrahepatic biliary malignancy, and two in 
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of right lobe. B, Postenhancement scan. Absolutely hyperdense area im center 
of small lesion, whereas large lesion shows decrease in density difference but 
remains hypodense. 





25 sec arterioportal phase (C) and then rapidly disappears in 40 see portal- 
dominant phase (D). External rim remains hypodense in B, but is not recognized 
in C and then shows marked enhancement in D. Rim is still hyperdense 4 min 
after enhancement (E). 


abscess). Enhanced areas looked like irregular spots (14 in 
cavernous hemangioma); septa or mural projection (eight in 
metastatic tumor, two in HCC, two in intrahepatic biliary 
malignancy, and two in abscess) (figs. 1 and 2); dot (three in 
cavernous hemangioma, two in HCC, and one in intrahepatic 
biliary malignancy); or bull’s-eye (three in metastatic tumor 
and one in cholangiocellular carcinoma) (fig. 3). 

Delayed enhancement was noted in 23 of 34 cases cf HCC 
showing prolonged, circular, or curvilinear enhancement and 
Studied by dynamic CT (fig. 4). In 11 cases, it could not be 
determined whether enhancement occurred in the arterial- 
dominant phase or the portal-dominant phase because of the 
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small number and/or long-interval scans of dynamic CT and/ 
or slow bolus injection. Another five cases of HCC also 
revealed transient, delayed enhancement of a circular type 
that did not continue over 3 min. 

Delayed, internal enhancement of the bull’s-eye type ap- 
peared for the first time on later postcontrast scans in two 
cases of metastatic tumor and in one case of cholangiocellular 
carcinoma studied by dynamic CT (fig. 3). 


Discussion 


Increase in the density of a hepatic mass on postcontrast 
CT is caused by introducing contrast material into the vas- 
cular, interstitial, and/or intracellular space. Dynamic distri- 
bution of contrast material in the extracellular space (vascular 
and interstitial space) has been well studied by Kormano and 
Dean [11]. In 1 min, 50% of contrast material has already 
escaped from the vascular space into the interstitial space, 
and it becomes 80% in 5 min. Equilibrium between the two 
spaces is attained within 2-5 minutes [11, 12]. After this, the 
contrast agent returns from the interstitial space to the vas- 
cular space because of the decreased concentration in the 
vascular space caused by excretion into urine. In the liver, 
another two factors, dual blood supply by the hepatic artery 
and the portal vein, as well as hepatic excretion into the biliary 
system, participate in the kinetics of the contrast agent [13]. 

Therefore, to analyze the dynamic distribution of contrast 
material in hepatic masses, several factors should be consid- 
ered: volume of arterial and portal blood supply, turnover rate 
of blood, extent of the interstitial space, and diffusion rate 
between the vascular and interstitial space, as well as dose 
and speed of contrast agent administered. 

Almost all hepatic tumors have blood supply from the 
hepatic artery alone, or at least most of blood is supplied 
through the hepatic artery. In the early phase of dynamic CT 
(e.g., 10 sec after bolus injection), a hepatic mass enhances 
to varying degrees according to the dose of contrast agent 
supplied through the hepatic artery. Within 1 min many hy- 
pervascular tumors rapidly change to isodense or hypodense 
[4, 14-16] because of the enormous volume of portal supply 
to the normal liver and the small interstitial space of the 
tumors [4]. 

Prolonged enhancement can occur in the following hepatic 
masses on one-shot dynamic study. Major hepatic masses 
encountered in our series were: (1) mass with a slow turnover 
rate of arterial blood (cavernous hemangioma); (2) mass with 
a large extent of interstitial space (capsule of HCC, central 
zone of metastatic cancer, and peripheral zone of abscess); 
(3) mass with a large volume of hepatic arterial blood supply 
in the state of prolonged, high concentration of contrast 
material in the vascular space (external zone of metastatic 
tumor); and (4) hypervascular mass located in the region of 
the obstructed portal vein (not encountered). The distribution 
of prolonged enhancement is external in the capsule of HCC, 
metastatic cancer, and abscess, and it is internal in cavernous 
hemangioma (including entire) and any other hepatic masses. 

Delayed enhancement can also occur in the following situ- 
ations on bolus enhancement: (1) area supplied by draining 
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blood of hepatic tumor (capsule and septa of HCC), (2) mass 
with portal blood supply (not encountered), and (3) mass with 
a large extent of interstitial space (metastatic tumor). Location 
of delayed enhancement is external in the capsule of HCC 
and internal (central) in metastatic tumor. 

The significance of contrast material for hepatic tumors 
including dynamic CT has been well clarified by many inves- 
tigators [1-14]. As to the significance of the prolonged and/ 
or delayed enhancement relative to previous reports, we have 
noticed particularly external, thin-rim enhancement and inter- 
nal, bull’s-eye enhancement. 

Internal bull’s-eye enhancement was noted exclusively in 
the capsule of HCC (one false-positive case of inflammatory 
pseudotumor in our experience) and was demonstrated in 
30% of our cases of HCC (50%-60% in other reports [17, 
18]). According to Otsuji et al. [17], the capsule of HCC 
appears as hypodense rim on plain CT alone in 7%, hyper- 
dense ring on postcontrast CT alone in 58%, and both in 
35%. Using CT arteriography, Nakao et al. [16] reported that 
the absolute enhancement in the capsule of HCC occurred 
20 sec later than in the tumor and it continued for 60-120 
sec, whereas enhancement of the tumor continued for 20-30 
sec. Septa in HCC are also said to have the same behavior 
as the capsule on dynamic and postcontrast CT [18]. Histo- 
logically, the capsule of HCC is a pseudocapsule and consists 
of a fibrous zone changed from degenerated hepatocyte by 
compression of expansive growth of the tumor [19]. The 
capsule receives abundant blood supply from the tumor. 

Prolonged and delayed internal bull’s-eye type enhance- 
ment is also worth mentioning since it is encountered mainly 
in metastatic tumor (low frequency in our series), and en- 
hancement or staining of such a shape is rarely noted on 
dynamic CT or on angiography [6, 10]. 

Using dynamic CT, Muramatsu and Moriyama [20] reported 
that 13 of 20 cases of metastatic tumor showed such central, 
delayed enhancement appearing over 5 min, in striking con- 
trast to HCC, which showed such enhancement in only one 
of 50 cases. Histologically, delayed enhancement areas cor- 
responded to the abundant stroma and coagulation necrosis. 
The large extent of the interstitial space as well as the slow 
diffusion of contrast agent between the vascular and intersti- 
tial space (both washin and washout, because of larger 
capillaries in the tumor) [21] play important roles in prolonged 
and delayed enhancement. 

Our experience was different from that of Muramatsu and 
Moriyama [20] partly because a large dose of contrast agent 
(65% Angiografin 100 ml) was used in their series and partly 
because their material consisted of successfully resected 
tumors alone, which might deviate to large, solitary metastatic 
tumors. 

We have also encountered some 10 cases of metastatic 
tumors with such enhancement that did not undergo precon- 
trast studies or that showed slight hypodensity in the liver on 
postcontrast studies. 

When a large dose of contrast agent is administered, 
especially through the hepatic artery alone, prolonged and/or 
delayed enhancement will apparently increase. For example, 
this occurred in the five cases of HCC showing transient, 
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delayed enhancement but lacking prolonged enhancement, 
and metastatic tumors showing relative enhancement would 
disclose delayed and prolonged enhancement. Prolonged en- 
hancement and delayed enhancement are nonspecific per se, 
but still of some value to characterize hepatic masses to 
varying degrees. The conception of prolonged enhancement 
and delayed enhancement is useful to analyze kinetics of 
contrast agents and to search for better method of enhance- 
ment. We recommend bolus enhancement with serial scans 
at the center of a mass that had been detected on plain CT. 
This study should include at least the arterial-dominant and 
portal-dominant phases and a 1 min scan followed by a 
postcontrast study of 3-5 min. 
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“Congestion Index” of the 
Portal Vein 





The “congestion index” is used to mean the ratio between the cross-sectional area 
(cm?) and the blood flow velocity (cm/sec) of the portal vein, as determined by a duplex 
Doppler system. The indices as determined in normal subjects and patients with liver 
disease were as follows: normal subjects (n = 85), 0.070 + 0.029 cm x sec; acute 
hepatitis (n = 11), 0.071 + 0.014 cm x sec; chronic active hepatitis (n = 42), 0.119 + 
0.084 cm x sec; cirrhosis (n = 72), 0.171 + 0.075 cm x sec; and idiopathic portal 
hypertension (n = 11), 0.180 + 0.107 cm x sec. There was a statistically significant 
difference between the congestion indices from the normal subject group and indices 
obtained from patients with chronic hepatitis, cirrhosis, and idiopathic portal hyperten- 
sion. A weak positive correlation was obtained between the congestion index and the 
portal venous pressure, measured simultaneously through a percutaneously placed 
catheter (n = 64, r = 0.45, p < 0.01). It is suggested that the congestion index reflects 
the pathophysiological hemodynamics of the portal venous system in portal hyperten- 
sion. 


Clinical application of an ultrasonic duplex system composed of a B-mode probe 
and a pulsed Doppler flowmeter has made it possible to quantitatively measure the 
blood flow in deep-seated blood vessels, including the portal vein [1-4]. We nave 
demonstrated that the volume of blood flow through the portal vein is well 
maintained in patients with cirrhosis or idiopathic portal hypertension, despite portal 
hypertension [4, 5]; however, the cross-sectional area of the portal vein is increased, 
while the blood flow velocity is significantly reduced. 

We have entitled the ratio of portal vein cross-sectional area and portal blood 
flow velocity the “congestion index” (Cl) of the portal vein. The relation ot the 
congestion index to hepatic disease was tested in normal subjects and patients 
with liver disease. 


Subjects and Methods 


We studied 85 normal subjects, 11 patients with acute hepatitis (AH), 42 with chronic 
active hepatitis (CAH), 72 with cirrhosis (LC), and 11 with idiopathic portal hypertension (IPH) 
(221 total cases). In 64 patients, the relation between the Cl and the directly measured portal 
venous pressure was determined. 

A Toshiba SAL 50A/SDL-01A duplex system, composed of an electronic linear-array B- 
mode probe and a single probe for pulsed Doppler flowmetry, was used. The frequency of 
the B-mode transducer was 5.0 MHz with a pulse frequency of 4.39 kHz. The Doppler probe 
was at a fixed angle of 55°. In the Doppler-mode, ultrasound waves were emitted and 
received by a single probe at a frequency of 2.27 MHz and with a repetition frequency of 4 
or 6 kHz. Spectral analysis was performed using fast Fourier transform, and the Doppler shift 
frequency signal was recorded on paper using a line scan recorder. 

All patients were studied during fasting and at rest in a semireclining posture of about 30° 
[4]. To decrease the effect of respiration on the portal blood flow, all measurements were 
obtained during quiet respiration, avoiding deep respiration or breath-holding. 

Doppler data were obtained while scanning the portal vein along its longitudinal axis. and 
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TABLE 1: Measurement of Portal Blood Flow and Congestion Index 
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Healthy AH CAH LC IPH 

(n = 85) (n = 11) (n = 42) (n = 72) (n = 11) 
Cross-sectional area(cm?)............. 0.99 + 0.28 1.05 £0.22 1.22 + 0.41* 1.49 + 0.49t 1.56 + 0.45t 
Blood flow velocity (cm/sec) ........... 15.3 + 4.0 15.0:% 2.7 12.0 + 3.5T 9.7 + 26t 10.8 + 3.8t 
Blood flow volume (ml/min) ............ 899 + 284 967 + 356 851 + 237 870 + 289 1047 + 381 
Congestion index (cm X sec)........... 0.070 + 0.029 0.071+0.014 0.119+0.084t 0.171+0.075t 0.180 + 0.107ł 


Note.—AH = acute hepatitis, CAH = chronic active hepatitis, LC = crrhosis, IPH = idiopathic portal hypertension. Data are expressed as mean + SD. 


* p < 0.01 compared with healthy subjects. 
tp < 0.001 compared with healthy subjects. 
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Fig. 1.—Calculation of congestion index. SV = sample volume, PV = portal 
vein, IVC = inferior vena cava, CSA = cross-sectional area. 


with the sample volume set on the middle of the portal vein trunk. 
Just after the Doppler signals were recorded, the poral vein cross- 
sectional area was measured from the B-mode image of the portal 
vein while scanning perpendicular to the long axis of the portal vein 
(fig. 1). The cross-sectional area was calculated from the formula for 
the cross-section of an ellipse. The angle between the Doppler-mode 
ultrasound beam and the blood vessel was then measured on the B- 
mode image. 
The Cl was calculated using the following equation: 


Ae Cross-sectional area of portal vein 
Blood flow velocity of portal vein 


AXBxXa2_ 0.57 Vdmax 
Se 


xX SEC 
4 cos 0 


where A = short axis of the portal vein, B = long axis of the portal 
vein, Vdmax = maximum velocity obtained from the Doppler spec- 
trum, and 0 = angle between the ultrasound beam and the blood 
vessel. The coefficient 0.57 is the ratio of mean velocity to maximum 
velocity obtained from experimental studies using circulation models 
[4]. 


Simultaneous Measurements of Portal Venous Pressure and Cl 


In 64 patients (17 with chronic active hepatitis, 30 with cirrhosis, 
11 with idiopathic portal hypertension, and six others), the portal 
venous pressure was directly measured simultaneously with deter- 
mination of the Cl. The patients were examined in supine position. A 
catheter was inserted percutaneously and transhepatically under 
sonographic guidance, and portal vein pressure was monitored and 
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Fig. 2.—Cross-sectional area of portal vein. AH = acute hepatitis, CAH = 
chronic active hepatitis, LC = liver cirrhosis, IPH = idiopathic portal hyperten- 
sion. 


recorded. At the same time, the hepatic venous pressure was moni- 
tored and recorded via a catheter placed from the femoral vein. 

The zero reference point was set at the midpoint between the 
anterior sternal surface and the back of the patient. The Cl. was 
measured using the method mentioned above, and the Doppler 
signals were monitored and recorded simultaneously with the portal 
and hepatic venous pressures. Statistical analysis was performed 
using Student's t-test. 


Results 
Cross-Sectional Area (table 1, fig. 2) 


The cross-sectional area of the portal vein was as follows: 
0.99 + 0.28 cm° in normal subjects (n = 85), 1.05 + 0.22 cm? 
in acute hepatitis (n = 11), 1.22 + 0.41 cm? in chronic active 
hepatitis (n = 42), 1.49 + 0.49 cm° in cirrhosis (n = 72), and 


AJR:146, April 1986 





























cm/sec cm/sec 
20 a Š 20 
> t 7 i] a? 
is aif: | $ 
Q ME H i : : 
7 a lo ig? 
t seil bije j| 
> [LES HET ai: 
z : =| | is T ° 410 
oe 3 $ | Ses 
ho : 3 ien 
W ¢| | shel ° 
Q Ja 9885 : 
O : 
O ai 
a . ; 
m | 
O 7. O 
E Pa 
CON A 
K M wT K 
Jy 


Fig. 3.—Blood flow velocity of portal vein. AH = acute hepatitis, CAH = 
chronic active hepatitis, LC = liver cirrhosis, IPH = idiopathic portal hyperten- 
sion. 


1.56 + 0.45 cm‘? in idiopathic portal hypertension (n = 11). 
There was no significant difference between the normal and 
AH groups. There were, however, significant differences be- 
tween the CAH, LC, and IPH groups and the normal subject 
group (CAH = p < 0.01; LC and IPH = p < 0.001). 


Mean Blood Flow Velocity (table 1, fig. 3) 


Mean blood flow velocity was as follows: 15.3 + 4.0 cm/ 
sec in the normal group, 15.0 + 2.7 cm/sec in the AH group, 
12.0 + 3.5 cm/sec in the CAH group, 9.7 + 2.6 cm/sec in the 
LC group, and 10.8 + 3.8 cm/sec in the IPH group. Although 
there was no significant difference between the AH group and 
the normal group, there were significant differences between 
the CAH, LC, and IPH groups and the normal group (CAH, 
LC, and IPH = p < 0.001). 


Blood Flow Volume of Portal Vein (table 1, fig. 4) 


The portal blood flow volume was as follows: 889 + 284 
ml/min in the normal group, 967 + 356 ml/min in the AH 
group, 851 + 237 ml/min in the CAH group, 870 + 289 ml/ 
min in thes_C group, and 1047 + 381 ml/min in the IPH group. 
There was no significant diference between any of the dis- 
ease groups and the normal group. There was a tendency for 
the blood flow volume to >e increased in the IPH group 
compared with the normal group. 
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Fig. 4.—Blood flow volume of portal vein. AH = acute hepatitis, CAH = 
chronic active hepatitis, LC = liver cirrhosis, IPH = idiopathic portal hyperten- 
sion. 
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Fig. 5.—Congestion index of portal vein. AH = acute hepatitis, CAH = 
chronic active hepatitis, LC = liver cirrhosis, IPH = idiopathic portal hyperten- 
sion. 


Congestion Index (table 1, fig. 5) 


The Cl was as follows: 0.070 + 0.029 cm x sec in the 
normal group, 0.071 + 0.014 cm x sec in the AH group, 
0.119 + 0.084 cm x sec in the CAH group, 0.171 + 0.075 
cm x sec in the LC group, and 0.180 + 0.107 cm x sec in 
the IPH group. There was no significant difference Between 
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TABLE 2: Simultaneous Measurement of Portal Venous Pressure and Congestion Index 











CAH LC IPH Others Total 

Number 17 30 11 6 64 

PVP (mm Hg)... 15.0 =4.1 20.9 + 3.9 22.00+ 4.4 10.7 + 3.2 18.7 + 5:4 
FIVE (MMHG). ks. ois dk oes bas 5.62 1.8 6.5: 2.1 TEELLA 6.8 + 4.2 6.4 + 2.3 
PVP-FIVE (MMHG) «cc cw ck ce ena o.7 +35 14.4 + 3.6 148 +49 3.0 1.2 12.3 + 5.0 
CU ACI SECT sg acs sc ponds deka bee esa 0.12 + 0.05 0.17 + 0.08 0.18 £0.11 0.08 + 0.02 0.15 + 0.08 
ik AE a 36 od ca eacceraaaaees —0.04 0.29 0.50 0.14 0.45 
PVP-HVP vs. Cl (r) Rha he Na 0.14 0.20 0.46 —0.34 0.43 


Note.—Data are expressed as mean + SD. CAH = chronic active hepatitis, LC = cirrhosis, IPH = idiopathic portal hypertension, PVP = portal venous pressure, HVP = hepatic venous 


pressure, Cl = congestion index, r = correlation coefficient. 
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Fig. 6.—Correlation between congestion index and portal venous pressure. 
Correlation coefficient was r = 0.45. CAH = chronic active hepatitis, LC = liver 
cirrhosis, IPH = idiopathic portal hypertension. 


the AH group and the normal group, but there were significant 
differences between the CAH, LC, and IPH groups and the 
normal group (CAH, LC, and IPH = p < 0.001). Where the 
normal range of the Cl was 0.012-0.128 cm x sec (mean + 
2 SD), the sensitivity was 26% for CAH, 71% for LC, and 
45% for IPH. 


Correlation between CI and Portal Venous Pressure (table 2, 
fig. 6) 


Table 2 shows the results of measurements of the portal 
venous pressure (PVP), the hepatic venous pressure (HVP), 
the portal perfusion pressure (PVP-HVP), the Cl, the relation 
between the Cl and the PVP, and the relation between the Cl 
and the portal perfusion pressure. The relation between the 
Cl and the PVP is shown in figure 6. There is no definite 
correlation between the portal venous pressure and the Cl (r 
= 0.45, p < 0.01); there is also no definite correlation between 
the portal perfusion pressure and the Cl (r = 0.43, p < 0.01). 


Discussion 
Measurement of Cross-Sectional Area 


A number of papers have emphasized the diagnostic ability 
of the real-time B-mode scanner in patients with portal hyper- 
tensionsin whom measurement of the portal venous diameter 


allowed the diagnosis of portal hypertension [6-10]. Our 
study confirms an increase in the cross-sectional area of the 
portal vein in patients with portal hypertension. 

A problem should be considered in measuring the portal 
vein diameter; that is, “resolution” in the B-mode is not 
synonymous with an ability to measure the distance between 
two points. The ability to measure the distance between two 
points is determined by the size of the pixel, a pixel being the 
smallest element from which the B-mode display is built up. 
The error in measuring distance is less than 0.2 mm in the 
case of the equipment used in this study. 


Measurement of Mean Blood Flow Velocity 


The portal venous system has capillary beds at both ends 
and has no pumping function. Therefore, there is no phasic 
change in the flow pattern, and the velocity profile in the 
lumen is thought to be nearly parabolic [11]. However, using 
a Circulation model set up carefully to create a steady flow 
between the maximum velocity (Vdmax) obtained from the 
Doppler spectrogram and the mean velocity (Vmean) from the 
actual measurement of flow volume, Vmean is greater than 
Y2 Vdmax. If a low-viscosity liquid is used instead of blood, 
Vmean equals 2 Vdmax. The reason why the ratio of Vmean/ 
Vdmax is larger than 0.5 in the circulation model is that in a 
steady and laminar blood flow, the velocity profile cannot be 
completely parabolic. 


Measurement of Portal Blood Flow 


There is no difference in portal blood flow between normal 
subjects and patients with portal hypertension. That is, in 
patients with portal hypertension, the portal blood flow is well 
maintained despite the existence of portosystemic collateral 
pathways. Such patients are thought to have a hyperdynamic 
State in the portal venous circulation and especially in the 
splenic circulation. In other words, a high inflow rate into the 
portal venous system from the abdominal organs, and espe- 
cially from the enlarged spleen in portal hypertensive patients, 
can be found [12, 13]. 

On the other hand, the primary cause of elevation of the 
portal venous pressure is the increase in the portal vascular 
resistance of the liver, caused by intrahepatic parenchymal 
changes [5]. 

The hemodynamics of the portal vein are regulated and 
modified by both the inflow and outflow conditions of the 
portal system [14]. 
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Fig. 7.—Compliance curve of portal vein: a = curve under normal pressure, 
b = curve in portal hypertension. Solid lines indicate positions of curves which 
are actuallyapplied. 


Congestion Index 


In this study, the Cl in the patients with cirrhosis and IPH 
was 2.5 times higher than that in the normal subjects. What 
factors affect the Cl of the portal vein? Several factors can 
be mentioned: portal venous pressure, portal vascular resist- 
ance in the liver, portal blood flow, and the development of 
portosystemic collateral patnways. 

In addition, the duration cf the abnormal hemodynamics is 
an important factor affecting the Cl, because the pathologic 
changes in the portal vein are progressive. The portal vein 
pressure-volume Curve, or compliance curve, is not linear (fig. 
7). Increased flow volume is compensated for by deformity of 
the blood vessel cross-sect on from elliptical to round, while 
elevation of portal pressure is minimized. However, this is 
true only in the case of normal hemodynamics. When the 
pressure is elevated, a higher part of the compliance curve is 
used, and the change in pressure is larger than the change in 
volume. Furthermore, in cases where the disease has per- 
sisted for a long time, the compliance curve itself is thought 
to shift to a position where compliance is larger than normal 
(fig. 7). 

In this study, the sensitvity of the Cl for detection of 
patients with both cirrhosis and IPH was 67% when the 
normal range was set at mean + 2 SD. The sensitivity was 
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23% when using the blood flow velocity, 55% using the cross- 
sectional area, and only 6% using the blood flow volume. The 
sensitivity of the Cl was therefore relatively high by compari- 
son. Furthermore, the Cl has no distinct correlation wih the 
portal venous pressure. Further analysis of other factors 
affecting the Cl is required. 
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1986 ARRS Meeting, April 13-18, Washington, DC 


A comprehensive description of the meeting, including the scientific 
program, Categorical Course in Chest Radiology, and instructional 
courses, appears in the January 1986 issue of the AJR. A special 
loose insert on the meeting also accompanies the January issue. 
Meeting and registration forms will be found in the January and 
February issues. These may be photocopied. 


Accreditation 


All courses and scientific sessions carry AMA Category | credit on 
an hour-for-hour basis. 


Meeting Format 


Scientific Program. Sessions will be grouped in parallel sessions, 
Monday-Thursday. A total of 189 scientific papers will be presented 
in 18 sessions. In addition, on Wednesday, April 16, the morning 
session will feature award papers and the Caldwell Lecture, which 
will be delivered by Benjamin Felson of the University of Cincinnati. 
On Friday, there will be a special symposium on orthopedic radiology. 

Categorical Course in Chest Radiology. This 14 hr course will be 
Sunday-Thursday. Registrants may enroll in other courses as well. 

Luncheon Sessions. For the first time, registrants may enroll in 
special luncheon sessions, Monday-Thursday. A box lunch will be 
provided. 


Exhibits 


Scientific Exhibits and Case of the Day Presentations will be 
Monday-Thursday, April 14-17. 
Commercial Exhibits will be open daily, Monday-Thursday. 


Local Activities 


General Reception. Tuesday evening, April 15, for all registrants. 

Golf Tournament. Monday, April 14, Kenwood Golf and Country 
Club, Bethesda, MD. Transportation leaves the hotel at 11 a.m.; 
shotgun start at 1 p.m. 

Men's and Women's Tennis Tournaments. Monday, April 14, Ken- 
wood Golf and Country Club, Bethesda, MD. Transportation leaves 
the hotel at 11 a.m. 

Local Tours. Sunday, April 13, 7-9 p.m., Introduction to Washing- 
ton Champagne Tour; Monday, April 14, 9:30 a.m.-3:30 p.m., Na- 
tional Gallery of Art and Hirshhorn Museum and Sculpture Garden; 
Tuesday, April 15, 9:30 a.m.—3:30 p.m., Georgetown Homes/George- 
town Park; Wednesday, April 16, 9 a.m.-—4 p.m., Best of Baltimore; 
Thursday, April 17, 9 a.m.-4 p.m., Annapolis; Friday, April 18, 9 
a.m.—noon, Americana Tour. 


Meeting Registration 


Preregistration will be accepted until March 28. There will be on- 
site registration. Official badges and program books will be available 
at the registration desk, Sheraton Washington Hotel. No confirma- 
tions will be mailed. 


Course Registration 


Register early—enrollment is limited. List first, second, and third 
choices for each period. Also, indicate whether you wish to take the 


categorical course. Deadline for mail registration is March 28. All 
ticket orders will be filled by postmark. Course tickets will not be 
mailed. Tickets will be available on and after Saturday, April 12 (after 
1 p.m.), at the ARRS registration desk in the Sheraton Washington 
Hotel. There will be on-site registration for courses not already filled. 


Hotel Registration 


Reservations are handled by the ARRS Housing Bureau, Sheraton 
Washington Hotel, 2660 Woodley at Connecticut Ave., N.W., Wash- 
ington, DC 20006. These must be received by March 15. Make check 
payable to Sheraton Washington Hotel. 


Fees 
Meeting: 
ARRS members and resident members .............. No fee 
NONMINGINDENS: «cc 545 newbs u rek EEEn pak $100 
Nonmember physicians in training (with verification) ... . 25 
Categorical course (all who attend) ................ 75 
Luncheon sessions/each ....................... 10 
GO fOUINBINONE -ess oss cee eeecdsaeseecasasvseus 65 
Tennis tournaments ........ aaa a 50 
EOC MOS 6. nck, 4 ae we eS ESE AKS RES EOS SRS 15-45 


Cancellations and Fee Refunds 


Fees will be refunded only if cancellation is received by April 7. 
Send to American Roentgen Ray Society, 1891 Preston White Drive, 
Reston, VA 22091. 


Air Transportation 


Two airlines, United and Delta, are official meeting air carriers and 
are offering discounted fares. 

Delta Air Lines will discount fares 35%. Tickets must be purchased 
a minimum of 7 days before departure. Travel to Washington must 
be from April 9 through 15. A maximum stay of 15 days is permitted. 
Information: (800) 241-6760 in the continental U.S., 8:30 a.m.-8 p.m. 
eastern time daily. Mention ARRS number F-0347. 

United Airlines offers a 40% discount off normal coach fares with 
no minimum stay or advance purchase restrictions. There is an 
additional 5% discount (45% total) for those staying over a Saturday 
night. Travel must be between April 10 and 22. Information: (800) 
521-4041, 8:30 a.m.-8 p.m. eastern time daily. Mention ARRS num- 
ber 602-K. Seats are limited. 


Associated Meetings 


The Society for Pediatric Radiology will meet April 9-13 in the 
Westin Hotel, Washington, DC. The program will appear in the March 
issue of the AJR. For information contact: Donald R. Kirks, M.D., 
Secretary, Society for Pediatric Radiology, c/o Dept. of Radiology, 
Duke University Medical Center, Box 3834, Durham, NC 27710; 
telephone (919) 681-2711, ext. 287. 

The American Association of Women Radiologists (AAWR) will have 
a luncheon meeting on Monday, April 14, in the Sheraton Washington 
Hotel. 
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Pheochromocytoma: Detection 
by Unenhanced CT 





During a 21/2-year period, 10 patients with suspected pheochromocytoma were eval- 
uated by unenhanced computed tomography (CT). Six adrenal masses, one hyperplastic 
adrenal gland, and two extraadrenal retroperitoneal masses were detected in seven 
patients; CT of the adrenals and retroperitoneum was normal in three patients. Scintig- 
raphy with iodine-131 metaiodobenzylguanidine ('°'l-MIBG) was performed in nine of 
the 10 patients and corroborated the CT findings in all cases. In the three patients with 
normal CT and *'I-MIBG scintigraphic findings, follow-up assays of serum catechol- 
amines were normal. In six of the seven patients with abnormal CT scans, surgical and 
pathologic confirmation was obtained; one patient was lost to follow-up after her CT 
scan. Unenhanced CT is recommended as the initial localizing procedure in patients 
with suspected pheochromocytoma, thereby avoiding the small but finite risk of hyper- 
tensive crisis associated with intravenous injection of urographic contrast medium. 


Although a rare cause of hypertension, accounting for 0.05%—0.1% of cases 
[1], pheochromocytoma has received a great deal of attention in the medical, 
surgical, and radiologic literature. Its importance lies in the fact that it is surgically 
curable in 90% of patients but if unrecognized carries very high morbidity and 
mortality. Successful management of patients with pheochromocytoma requires a 
high index of clinical suspicion and biochemical confirmation for diagnosis, radiologic 
localization, and surgical resection. Computed tomography (CT) is generally ac- 
cepted as the imaging procedure of choice for preoperative localization of pheo- 
chromocytoma [2]. Raisanen et al. [3] reported significant elevation of plasma 
catecholamines in five of eight patients with pheochromocytoma in response to 
intravenous injection of urographic contrast medium and recommend routine alpha 
adrenergic blockade before CT evaluation of such patients. Several years ago we 
Saw a patient with unsuspected pheochromocytoma who developed a hypertensive 
crisis with ventricular tachyarrhythmias during excretory urography. Since then we 
have used CT without intravenous contrast enhancement for the detection of 
pheochromocytoma. We report our experience. 


Materials and Methods 


Between February 1983 and June 1985, 10 hypertensive patients with suspected pheo- 
chromocytoma were referred for CT examination as the initial localizing procedure after 
biochemical detection of elevated serum or urinary catecholamines or metanephnnes. A 
Picker 1200SX CT scanner was used. All patients were given peroral contrast materia’ before 
scanning, but none received intravenous contrast-medium injection. Contiguous sections of 
5-mm thickness were obtained at a scan speed of 3 sec. Scanning was begun about 2 cm 
above the adrenal glands and continued until the most caudal aspect of the glands had been 
cleared by 1-2 cm. Contiguous sections of 1-cm thickness were then obtained to the level 
of the aortic bifurcation. Nine of the 10 patients subsequently underwent scintigraphy with 
iodine-131 metaiodobenzylguanidine ('*'l-MIBG); one patient was lost to follow-up after CT 


scanning. 
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Fig. 1.—A, Normal left adrenal gland. B, 10 mm 
lower. Left adrenal pheochromocytoma (P) anterior 








to upper pole of left kidney. 


Fig. 2.—A, Right adrenal pheochromocytoma (P). Note round shape of tumor. B, 10 mm caudal to A. Notch (arrow) separates pheochromocytoma anteriorly 
from upper pole of kidney posteriorly. C, 10 mm caudal to B. Note oval shape of right kidney. 





Fig. 3.—A, Right adrenal pheochromocytoma. Note long axis (broken line). B, 10 mm lower. Inferior tip 
of pheochromocytoma (arrow). Note long axis of upper pole o right kidney (broken line). This was the 
only scan that depicted both pheochromocytoma and upper pole of kidney. 


Results 


In three patients CT demonstrated normal adrenal glands 
and a normal retroperitoneum. In these patients '*'l-MIGB 
scintigraphy showed no evidence of pheochromocytoma, and 
follow-up assays of serum catecholamines were within normal 
limits. Initial falsely elevated levels of urinary catecholamines 
were ascribed to methyldopa therapy inasmuch as methyl- 
dopa causes fluorescence in urine samples at the same 
wavelengths as catecholamines [4]. 


Fig. 4.—Small right adrenal pheochromocytoma 
(arrow) abuts anterior aspect of upper pole of right 
kidney. This was the only scan that showed both 
tumor and kidney. 


In five patients CT demonstrated a unilateral adrenal mass 
and a normal contralateral gland (figs. 1-4); one of the five 
had a second, smaller mass adjacent to the adrenal tumor 
(fig. 5). In a patient with Sipple syndrome (multiple endocrine 
neoplasia, type 2A), a right adrenal mass and a diffusely 
enlarged left adrenal gland were seen on CT examination 
(previously reported in [5]). In one patient with normal adrenal 
glands, a left paraaortic mass was demonstrated at the level 
of the L3 vertebra (fig. 6). 

'S'|-MIBG scintigraphy was performed in six of the seven 
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Fig. 5.—A, Large lobulated het2rogeneous right adrenal pheochromocytoma. B, 20 mm lower. Extra- 
adrenal pheochromocytoma (P) posterior to inferior vena cava and anteromedial to upper pole of right 


kidney. 


patients with abnormal CT examinations and revealed foci of 
increased radionuclide activity at sites corresponding to the 
masses demonstrated by CT; one patient was lost to follow- 
up after CT scanning. Surgical and pathologic confirmation of 
pheochromocytoma was obtained in all six patients. 


Discussion 


Pheochromocytomas are catecholamine-secreting neo- 
plasms that arise from chromaffin cells of the sympathetic 
nervous system. Ninety pe-cent of these tumors are located 
in the adrenal medullae, more often on the right [1]. An 
additional 8% are found in the abdomen outside the adrenal 
glands; the vast majority cf these originate in paravertebral 
sympathetic nerves or plexuses, including the organ of Zuck- 
erkandl, and are seen immediately adjacent to the aorta or 
inferior vena cava. Other abdominal sites are quite rare and 
include the urinary bladder, spermatic cord, vagina, and anus 
[1, 6]. Two percent of pheoshromocytomas occur outside the 
abdomen—in the chest (<2%), in the neck (<0.1%), or even 
more rarely at the base of the skull. 

In adults, 90% of phecchromocytomas originate in the 
adrenal glands and 10% are extraadrenal; in 7% there is 
bilateral adrenal involvement [1]. In children, however, only 
78% of patients have adrenal pheochromocytomas, whereas 
30% have extraadrenal tumors; 8% of these children have 
combined adrenal and extraadrenal tumors, and bilateral ad- 
renal involvement occurs in 24% [1]. 

Pheochromocytomas are relatively large tumors, with an 
average diameter of 5 cm [1]. Thus, CT should detect a large 
majority of these masses. Of 159 cases of proven pheochro- 
mocytomas evaluated by CT between 1976 and 1982, 146 
tumors were detected, yielding an accuracy rate of 92% [2, 
6]. Since many of the missed lesions were studied with older 
CT scanners, using 18-sec scanning speed and 10-mm or 
13-mm slice thickness, one might anticipate even higher 
accuracy rates with today’s faster scanners. 

Our limited experience suggests that such high detection 
rates can be attained with unenhanced CT, thus avoiding the 
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Fig. 6.—Extraadrenal pheochromocytoma (P) to 
left of aorta at level of L3. 


small but finite risk of hypertensive crisis associated with 
intravenous contrast-medium administration and the in- 
creased cost and inconvenience of routine alpha adrenergic 
blockade. However, careful attention to technique is required. 
Because a pheochromocytoma may extend superiorly or 
inferiorly from an otherwise normal-appearing adrenal gland 
(fig. 1), we recommend routine use of contiguous thin-section 
CT scans beginning 1-2 cm above and ending 1-2 cm below 
the adrenal glands. Otherwise, with thicker sections and 
especially with greater intervals between sections, a normal 
adrenal gland may be seen on one or more scans while a 
small tumor is missed between scans or because of partial 
volume averaging. The likelihood of such an event is increased 
in patients whose level of suspended respiration varies from 
scan to scan. 

Perhaps the most likely cause of error in detection of an 
adrenal pheochromocytoma on unenhanced CT involves mis- 
taking an adrenal mass for the upper pole of the ipsilateral 
kidney. Pheochromocytomas typically appear as discrete, 
homogeneous, round or oval masses that are less dense than 
kidney on contrast-enhanced CT [2, 7]. On unenhanced CT, 
however, the density of pheochromocytomas is usually very 
similar to that of renal parenchyma (figs. 1-4). If the tumor is 
lobulated or heterogeneous (fig. 5A) or contains calcification, 
distinction from normal kidney is simple; however, these are 
relatively uncommon features [2, 7]. Thus, in many cases, 
pheochromocytoma must be distinguished from the upper 
pole of the adjacent kidney on the basis of configuration and 
location. Because the upper pole of the kidney is usually oval 
on axial CT scans, a round suprarenal pheochromocytoma 
should present no difficulty (fig. 2). In the case of an oval 
pheochromocytoma, its long axis usually will lie at an angle 
to the long axis of the oval upper pole of the kidney (fig. 3). 

The task of distinguishing an adrenal pheochromocytoma 
from the upper pole of the kidney is made easier if both are 
depicted on a single CT scan. This is more likely to occur if 
contiguous thin sections are obtained. The two masses may 
be completely separate (fig. 3B) or tangentially contiguous 
(fig. 4), or they may appear to overlap, only partly separated 
by a notch in their contour (fig. 2B). 
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Oral contrast material should always be given to patients 
undergoing CT examination for suspected pheochromocy- 
toma. An unopacified gastric fundus may be mistaken for a 
left adrenal mass [8]. Similarly, an unopacified segment of 
small bowel adjacent to the aorta or inferior vena cava may 
simulate an ectopic paravertebral pheochromocytoma. 

The absence of intravenous contrast enhancement should 
not hinder the detection of extraadrenal retroperitoneal pheo- 
chromocytomas (figs. 5B and 6). Even though the density of 
blood vessels and pheochromocytoma may be similar on 
unenhanced CT, knowledge of normal vascular anatomy and 
its variants (Such as transposition and duplication of the 
inferior vena cava) and careful examination of consecutive 
scans should permit accurate distinction of paravertebral 
pheochromocytomas from blood vessels. 

In conclusion, we believe unenhanced CT should be the 
initial localizing procedure in patients with suspected pheo- 
chromocytoma because the vast majority of adrenal and 
extraadrenal pheochromocytomas can be detected without 
exposing patients to the risk of contrast-induced hypertensive 
crisis. 
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CT Evaluation of Advanced 
Seminoma Treated with 
Chemotherapy 





The serial CT characteristics of nodal metastases from pure seminoma treated with 
chemotherapy were evaluated in 18 patients. Fifty percent of masses at presentation 
contained areas of low attenuation; none had calcification. After chemotherapy, masses 
completely resolved in four patients, partially resolved in 12 patients, and remained 
unchanged in one patient. The remaining patient developed progressive liver metastases 
during therapy and died. Pathologic evaluation of residual masses in four patients 
demonstrated only fibrosis. Residual masses in nine other patients demonstrated further 
partial resolution or remained stable over the following year; two developed calcification. 
These patients exhibited no clinical evidence of disease for a median follow-up cf 22 or 
more months. Persistent but stable or resolving masses are common after chemotherapy 
for advanced seminoma. Unlike their nonseminomatous counterparts, they most often 
represent fibrosis in patients with no other clinical evidence of disease and do not 
warrant surgical excision. 


As great progress has been made in the treatment of disseminated germ cell 
tumors, the role of computed tomography (CT) in initial staging, therapeutic 
response assessment, and follow-up has evolved. In advanced nonseminomatous 
tumors, combination chemotherapy followed by surgical removal cf residual masses 
detected by CT has rendered 60%-83% of patients disease-free and potentially 
cured for 3-4 years after remission [1, 2]. CT is essential for initial staging and 
follow-up. Although it is an accurate indicator of complete remission in patients 
with normal serum tumor markers and complete resolution of masses after therapy, 
CT cannot differentiate residual fibrotic masses from those containing mature 
teratoma or viable cancer requiring further treatment [3, 4]. 

In advanced seminoma, the roles of chemotherapy, radiotherapy, surgery, and 
the diagnostic radiologic interface are less well defined. Survival rates greater than 
90% at 10 years [5, 6] have been accomplished in early-stage disease with 
radiotherapy. However, advanced seminoma treated with radiotherapy has been 
associated with relapse rates of up to 40% [7, 8]. Combination chemotherapy 
including cisplatin has achieved complete response rates of 70% [9, 10} After 
treatment, there are often residual masses. Since surgical excision of residual 
masses has usually revealed fibrotic masses, it appears that radiographic evaluation 
and, to a lesser extent, serum tumor marker assessment will be the standarc assay 
of therapeutic response for many oncologists. This review of CT of patients treated 
with chemotherapy and followed at the Dana-Farber Cancer Institute demonstrates 
the trend toward less aggressive therapeutic intervention in advanced seminoma. 
The diagnostic radiologists’ increased understanding of expected CT findings 
during and subsequent to treatment can support this trend and prevent sometimes 
fatal overtreatment in these young men. 


Materials and Methods 


The study group consisted of all patients (n = 18) with nodal metastases offacvanced 
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primary testicular seminoma treated with chemotherapy during that 
period. Seventy-five abdominal and seven chest CT scans obtained 
between 1978 and 1985 were reviewed. The mean age was 38 years 
(range, 21-63 years). The original diagnosis of pure seminoma was 
made from inguinal orchiectomy specimens in each patient. Associ- 
ated abdominal and mediastinal masses were presumed to be met- 
astatic. Advanced disease in this study is defined as retroperitoneal 
adenopathy greater than 5 cm. Human chorionic gonadotrophin 
(hCG), alpha-fetoprotein (AFP), and lactate dehydrogenase (LDH) 
levels were obtained on all patients before and after therapy. Elevation 
of AFP excluded patients from the study. All patients were treated 
with four cycles of cisplatin, bleomycin, and vinblastine. Four patients 
had received prior radiotherapy and six patients receivec subsequent 
radiotherapy. 

CT scans performed within 3 weeks of the initiation and cessation 
of chemotherapy were reviewed in all patients. Follow-up scans 
obtained at 3-month Intervals during the first year after therapy were 
reviewed in those patients who had residual masses. The rest of the 
follow-up scans included In this study were obtained at 1- or 2-year 
Intervals. Most scans were obtained on an Ohio Nuclear Delta 2020 
scanner. Scans were performed at 1-2 cm intervals with 1-cm 
collimation. Although both oral and intravenous contrast media were 
administered in initial patient evaluation, many follow-up scans were 
performed only with oral contrast material, at the discretion of the 
radiologist. All patients continue to be followed at the Dana-Farber 
Cancer Institute on clinical research protocols. 


Results | 


Prechemotherapy CT scans demonstrated single or multi- 
ple nodal masses with a mean diameter of 7.5 cm (range, 2- 
13 cm). Three masses were in the mediastinum; the rest were 
in the paraaortic and iliac regions. Nine of the 18 patients had 
masses containing areas of low attenuation (relative to the 
psoas muscle). No prechemotherapy masses contained cal- 
cification. Four patients had isolated elevation of hCG, two 
patients had isolated elevation of LDH, and four patients had 
elevation of both. 

` After chemotherapy, serum markers were normal in all 
patients. Four (22%) of the patients had complete resolution 
of masses on the immediate postchemotherapy CT scans. 
One patient with an unchanging mass developed progressive 
liver metastases during therapy and dled. 

Thirteen (72%) of the patients had residual masses with a 
mean diameter of 4.5 cm (range, 2-10 cm) on the immediate 
postchemotherapy scan. Two masses were in the medias- 
tinum. Masses in 12 patients had decreased 17%—66% in 
greatest dimension during the course of chemotherapy; a 
single mass in one patient was unchanged. Three masses 
originally containing low-attenuation regions developed uni- 
form soft-tissue density in association with a decrease in size. 
The rest of the masses underwent no qualitative density 

change during the course of therapy. 

Early in this experience, three patients underwent surgical 
exploration, which demonstrated fibrosis and necrosis with- 
out evidence of malignancy. A low-attenuation mass that did 
not change during therapy in one of these patients exhibited 
extensive necrosis. Two of these patients dled of postoper- 
ative complications related to bleomycin toxicity. Another 
patient with a residual mass died of pulmonary complications 


attributed to the combination of bleomycin and radiation ther- 
A 
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apy. At autopsy, this mass contained fibrosis. Nine remaining 
patients with residual masses were followed with CT studies 
at 3-month intervals over the subsequent year. Seven of nine 
patients demonstrated a 50%~70% further reduction in dł- 
ameter of the masses during this time (fig. 1). The masses in 
the other two patients remained stable over this period (fig. 
2). Two of the patients who had received only chemotherapy 
developed calcifications (presumably dystrophic) within the 
residual masses during the subsequent year; none developed 
new areas of low attenuation in the masses. There has been 
no evidence of recurrent disease in these nine patients with 
residual masses during a median follow-up period of 22+ 
months (range, 8-31 months). These masses are presumed 
to represent fibrosis only, and the patients are considered to 
be in complete remission. 


Discussion 


Since most patients with pure seminoma present with early- 
stage disease and are cured by radiotherapy, there has been 
little experience in the literature dealing with disseminated 
disease. Several CT characteristics of pure seminoma nodal 
metastases have been included In radiologic reports consist- 
ing of predominately nonseminomatous and mixed germ cell 
testicular tumors [4, 11-14]. This review of patients with 
metastatic pure seminoma undergoing treatment regimens 
containing chemotherapy illustrates the biological and clinical 
distinction between these two groups of patients and chang- 
ing trends in management. 

Soo et al. [12] reported two patients with pure seminoma 
and residual masses found on CT studies after treatment that 
Included chemotherapy. Surgical resection of a soft-tissue- 
density mass and a low-attenuation mass demonstrated no 
active malignancy. The low-attenuation mass contained lipo- 
granulomata. Husband et al. [14] suggested that decreasing 
mean CT attenuation values during treatment correlated with 
a favorable treatment response. Four patients with pure sem- 
inoma had pre- and postchemotherapy scans in their study. 
Two of the four patients had masses with decreasing CT 
numbers during treatment. Surgical excision of these masses 
demonstrated fibrosis and necrosis. One patient with a mass 
of Increasing attenuation had malignancy at surgery; the other 
had a fibrotic residual mass. Subsequently, Scatarige et al. 
[4] included four patients with pure seminoma treated with 
chemotherapy in a review of patients with low-attenuation 
metastases. They demonstrated a postchemotherapy low- 
attenuation mass that contained both extensive necrosis and 
malignancy. 

Unlike that described in nonseminomatous tumors, terato- 
matous transformation and the related potential of an enlarg- 
ing benign mass during or after therapy do not occur in pure 
seminoma [2, 15]. Also unlike the nonseminomatous and 
mixed tumors In which the incidence of malignancy in residual 
masses has been reported at 27%-37%, the presence of 
malignancy in residual masses in pure seminoma patients is 
uncommon [3, 16, 17]. In a study by Stanton et al. [18], nine 
of 10 patients who had surgical excision of residual masses 
after chemotherapy had no evidence of malignancy. 
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Fig. 1.—A, Prechemotherapy scan: 13-cm-diam retroperitoneal mass (ar- 
rows) contains several areas of Icw attenuation. B, Postchemotherapy scan: 
7-cm-diam residual mass (arrows). This patient did not undergo surgery or 
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radiotherapy. C, 1-year follow-up scan: 3-cm-diam mass with calcifications 
(arrows). This patient had no evidence of recurrent disease at 22-month follow- 





Fig. 2.—A, Prechemotherapy scan: 11-cm-diam left iliac mass (arrows). B, 
Postchemetherapy scan: 6-cm-diam residual mass. This patient did not undergo 
surgery or radiotherapy. C, 1-year follow-up scan: 6-cm-diam mass has not 


Of 13 patients with posschemotherapy residual masses in 
our study, four underwent surgery and had no evidence of 
malignancy; nine did not undergo surgery and exhibited no 
evidence of disease during a median follow-up of 22+ months. 
There appears to be no correlation between CT attenuation 
characteristics of pre- and postchemotherapy masses and 
the presence or absence of malignancy in residual masses. 
Of these 13 patients attaining a complete remission, 12 
demonstrated partial resolution of masses during the course 
of chemotherapy and no evidence of disease elsewhere. One 
patient achieving a complete remission demonstrated no 
change in the mass during the course of therapy and no 
evidence of disease elsewhere (Surgical exploration demon- 
strated necrosis only). The single patient who failed treatment 
in this study group had ar unchanging mass during chemo- 


changed over interval. This patient had no evidence of recurrent disease at 18- 
month follow-up. 


therapy but developed progressive disease elsewhere (he- 
patic metastases). Due to this limited experience, patients 
with unchanging masses warrant further investigation. 

Gallium-67 citrate scanning has a reported sensitivity of 
57% (seven-patient study) to 93% (39-patient study) in sem- 
inoma [19, 20]. This may play a role analogous to that in 
Hodgkin lymphoma. Persistence or disappearance of activity 
in a known °’Ga-avid tumor subsequent to therapy offers 
further assessment of treatment response in this tumor pop- 
ulation, which also has a high incidence of residual fibrotic 
masses [21, 22]. The effectiveness of °’Ga scanning in sem- 
inoma has not been determined. 

At this institution, it is believed that surgical excision and 
possibly radiation of partially resolved residual masses in pure 


seminoma patients with no other evidence of disease are 
6 
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unnecessary because nearly all masses represent fibrosis. 
Surgery or pulmonary radiation can be associated with mor- 
bidity and mortality related to. bleomycin toxicity. Bleomycin 
pulmonary toxicity and the synergism with high oxygen ten- 
sions administered during general anesthesia and with pub 
monary radiation have been well described [23-25]. Since 
most residual masses continued to resolve during the year 
after chemotherapy, whether or not subsequent radiotherapy 
was given, Friedman et al. [26] have questioned whether 
follow-up radiotherapy adds therapeutic benefit. Our study 
demonstrates that patients in complete remission may exhibit 
further CT resolution or stability of residual masses during 
the year after chemotherapy. 

Since only 5%~7% of patients with pure seminoma have 
elevation of hCG initially and none have elevated AFP—in 


contrast to 91% elevation of either in nonseminomatous 


tumors-——serum markers have a lesser but complementary 
role to CT in the assessment of response and recurrence 
[27, 28]. Our present radiographic follow-up schedule: to 
assure lack of growth includes abdominal CT scans at 3- 
month intervals during the first year after chemotherapy and 
at yearly intervals for the next 3 years in the asymptomatic 
patient. Chest radiographs are performed monthly during the 
first 18 months. The intervals are prolonged to yearly by the 
fourth year. 
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MRI and CT Evaluation of 
Primary Bone and Soft- 
Tissue Tumors 





Twenty-six patients with primary tumors of bone or somatic soft tissues underwent 
both magnetic resonance imaging (MRI) and computed tomography (CT); 15 of the 
patients had radionuclide bone scans as well. Only in a minority of cases did these 
tomographic methods provide information needed for diagnosis that could not be cerived 
from the plain radiographs alone; however, for assessing the extent of the disease, both 
CT and MRI proved very valuable, particularly MRI. Specifically, MRI was superior to CT 
in delineating the extent of the neoplasms and their relation to surrounding structures 
in 21 of the patients, equal in four, and inferior in only one. Furthermore, in the 13 
patients with tumors of long bone, MRI was judged superior to CT in visualizing marrow 
abnormality in 12 cases, and equal in only one case. Radionuclide scans demonstrated 
the lesions in 14 of the 15 cases; its primary utility was in excluding additional lesions. 
It is concluded that for these patients, MRI was the imaging method of choice in 
assessing the extent of bone and soft-tissue tumors. 


Magnetic resonance imaging (MRI) is proving to be a valuable technique in the 
evaluation of patients with primary tumors of the bones and somatic soft tissues 
[1-4], particularly because of the high contrast between tumors and normal tissues 
generally found with MRI. In this prospective study, we describe the relative efficacy 
of MRI, performed with a superconducting magnet, compared to CT in diagmosing 
and evaluating the visibility and extent of disease in 26 patients with tumors of the 
bone and somatic soft tissues. 


Subjects and Methods 


Twenty-six patients with new or recurrent primary tumors of bone or somatic soft ‘issues 
were included in this prospective study. All patients who presented at the University of 
Michigan Hospital with such lesions between January 1984 and August 7985, and who had 
both x-ray CT and MRI examinations and histologically proven diagnoses from either surgical 
or biopsy specimens, are included in this report. There were 15 female and 11 male patients, 
with a mean age of 26 years (range, 2-80). Sixteen patients had malignant lesions, and 10 
had benign tumors. The neoplasms arose in osseus tissue in 19 and in soft tissue in seven 
individuals. Pathologic verification of the extent of disease in the bone marrow following 
resection was available in four cases. In addition to MRI and CT, plain films were available 
for all patients, and radionuclide bone scans for 15. The MRI and CT studies were reviewed 
by at least two of us, one primarily a bone radiologist, the other specializing in MRI. 

The MRI and CT examinations were first correlated with the plain films to determine 
whether the tomographic studies added any additional information needed for diagnosis. The 
MRI studies were then compared with the CT examinations to judge relative efficacy in 
evaluating the extent of disease. Ratings of from 0 (poorest) to 4 were assigned to MR! and 
CT in four categories, on the basis of a consensus of the two observers. Not every category 
was applicable to each case; the number of cases for which each was applicable is shown in 
brackets. The categories were (1) clarity of depiction of the boundary between the lesion and 
surrounding normal tissues [26 cases]; (2) contrast difference between the tumor and 


surrounding soft tissues [23 cases]; (3) ability to assess the relation of the abnormal tissue 
© 
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Fig. 1.—19-year-old woman with aggressive fibromatosis involving left popliteal space. A, SE 
1500/28 image shows lesion well (arrows). B, Sagittal SE 500/28 image demonstrates extent of 
lesion (arrows). Note that lesion has low signal on both long- and short-TR sequences. It 
appeared similar on long-TE (56 msec) images. This pattern is consistent with low mobile proton 


density, as would be expected in heavily fibrous lesion. 


to surrounding nerves and/or blood vessels [20 cases]; and (4) ability 
to assess extent of abnormality in the bone marrow [13 cases]. CT 
and MRI were then compared case by case on the basis of the 
grades in each individual category, and again using the average grade 
of all applicable categories for each case. The resul:s were then 
totaled for the 26 patients, to produce a relative comparison of CT 
and MRI for each category, as well as for the average of all four 
categories. 

The radionuclide studies were reviewed to determine if they pro- 
vided additional information. 


Imaging Techniques 


MRI was performed on a Diasonics MT/S system, based on a 
0.35-T superconducting magnet, using multislice dual soin-echo (SE) 
pulse sequences, with echo delay times (TE) of 28 and 56 msec. 
Slices were 8 mm thick, with a 2-mm gap between adjacent images; 
the pixel size was about 1.7 x 1.7 mm. Whole-body-sized imaging 
coils were used for all patients, except three whose tumors involved 
the head and neck; a standard head coil was used in these cases. 
Pulse repetition (TR) intervals were in the range 500-2000 msec, 
with scanning performed at a minimum of two TR intervals, to permit 
calculation of T1 and T2 relaxation times. All patients but one were 
imaged using transverse tomographic slices; coronal and/or sagittal 
images were available in 18 of the 26 patients. 

CT was performed on GE 9800 or 8800 scanners; intravenous 
contrast material was used in nine patients. One of the CT studies 
was performed at another institution. Radionuclide studies were 
performed using routine technique, after injection of 15 mCi (555 
MBq) (less in children) of technetium-99m methylene diphosphonate. 

Seven of the patients underwent repeat MRI examination after 
chemo- and/or radiotherapy. 

T1 and T2 relaxation times were calculated for tumor, muscle, and 
fat using software furnished with the scanner. Analysis was based 
on sets of images at the same level, acquired using two TR and two 
TE intervals. 
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Results 
Diagnostic Utility 


The MRI studies provided information useful for diagnosis, 
but not present on plain radiographs, in seven patients; this 
was true of CT in five patients, who were also among these 
seven. In four of these five patients this stemmed from the 
ability to identify fatty tissue, shown equally well by MRI and 
CT; in the fifth, an aneurysmal bone cyst, a fluid-fluid level 
was found with both methods. In the remaining two patients, 
both with aggressive fibromatosis, the appearance of the 
lesions on MRI was distinctive; the lesions had very low signal 
intensities on both short and long TR and TE intervals (fig. 1). 
This is consistent with a low mobile proton density, as one 
would expect in a dense fibrous lesion, and in this regard the 
scans provided useful diagnostic information. 

There were two cases (aneurysmal bone cyst and juxta- 
cortical chondroma) where the demonstration of a thin ossific 
rim on CT, suggesting confinement of lesion to bone, provided 
information absent on both plain films and MRI. However, it 
was not believed that this information changed the differential 
diagnosis that would have been derived from the plain films 
alone. 


Accuracy 


Inasmuch as few patients underwent surgical resection of 
the neoplasm, we did not have an adequate basis for judging 
the accuracy with which these imaging methods depicted the 
true extent of tumor in the soft tissues and bone marrow. 
Further, we were usually unable to determine with certainty 
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Fig. 2.—14-year-old boy with dsteo- 
sarcoma of distal right femur. A, Plan film. 
B, Coronal SE 500/28 image through le- 
sion. Note area of presumed hemorrhage 
secondary to biopsy (arrow) with high 
signal intensity. Lesion does not cross 
physis and has sharp boundary proxi- 
mally. C, SE 2000/28 in similar section. 
D, SE 500/28 in similar section 2 months 
later, after chemotherapy, revealing little 
change in tumor size. E, SE 2C00/28 
same time as D. F, Pathologic specimen. 
Surgery was performed 2 days afer im- 
ages shown in D and E were acquired. 
Note sharp cutoff (arrow); no tumor was 
found proximally; epiphysis was aso tu- 
mor free. 
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whether the abnormal signals present on MRI represented 
tumor or edema. However, in the four patients in this series 
(three with osteosarcoma and one with giant cell tumor) who 
underwent resection within 3 days of MRI, we were able to 
verify that MRI had accurately portrayed lesion extent (figs. 2 
and 3). The marrow extent in these patients and the soft 
tissue extent in the three with osteosarcoma was seen less 
clearly on CT than on MRI. Figure 4 demonstrates a patient 
in whom an area of abnormal signal seen in the soft tissues 
adjacent to the bone proved to contain tumor; however, we 
have no basis for concluding that this will always be the case, 
and suspect that in some cases areas of abnormal signal will 
simply represent edema. 


Demonstration of Disease Extent 


The results of the comparison between MRI and CT are 
summarized in table 1. MRI was judged superior to CT in the 
majority of cases in all individual categories, as well as in the 
overall rating. The major reason was the greater contrast 
between neoplasm and adjacent normal tissue, generally fat 
and muscle, characteristic of MRI scans compared to CT (fig. 
5). In several patients we were able to visualize thin rims of 
sclerotic bone on CT not visible on MRI. However, in these 
cases this information did not add significant diagnostic infor- 
mation to that already available from the plain radiographs. In 
the two patients with retroperitoneal neoplasms, MRI was 
hindered because of the lack of a bowel contrast agent; 
motion also produced image degradation. 

The CT scans in nine patients were contrast enhanced. In 
four of these the enhancement significantly improved the 
utility of the CT examinations, generally by rendering blood 
vessels more visible; contrast of the lesion with muscle also 
improved in one patient with aggressive fibromatosis. How- 
ever, in only two of the cases did the use of contrast material 


change the overall ratings. Although a properly timed bolus 
& 


AJR:146, April 1986 


Fig. 3.—16-year-old girl with osteosar- 
coma of left distal femur. A, Plain film. B, 
Coronal SE 500/28 image. Lesion in- 
volves epiphysis, is sharply demarcated, 
and has more intense signal than muscle. 
C, Coronal SE 500/28 image 3 months 
later, after chemotherapy. Lesion is 
smaller and has become isotense with 
muscle. Note biopsy sites (arrows). 


of intravenous contrast material can be helpful with CT, it 
may also add ambiguity in the identification of calcium and 
does carry a slight risk of contrast reaction. 

It was generally helpful to obtain both short (usually 500 
msec) and long (1500 or 2000 msec) TR interval images on 
MRI. The former provided the best technique for differentia- 
tion of tumor and fat (including marrow fat) and the latter was 
best for differentiation of tumor and muscle. Coronal and 
sagittal views were also generally very helpful in assessing 
the extent of lesions. It was generally easier to judge the 
relation of tumors to vital structures, such as blood vessels 
or spinal cord, with MRI than with CT (fig. 6). 


Marrow Extent 


Of the 13 patients with tumor of a long bone, MRI was 
superior to CT in 12 cases and equal in only one in demon- 
strating the extent of abnormal bone marrow. Such assess- 
ment was best done on short-TR scans. Imaging in the 
coronal or sagittal planes was also valuable, and provided a 
significant advantage over CT. Figures 2 and 3 show patients 
with osteosarcoma in whom MRI clearly demonstrated the 
extent of abnormality in the bone marrow. In both cases the 
diaphyseal boundaries of the marrow abnormality on the 
posttherapy MRI scans corresponded well to the tumor mar- 
gins found in the sectioned surgical specimens. In the patient 
shown in figure 2, the lesion does not cross the epiphyseal 
plate (confirmed histologically); in the other patient extension 
into the epiphysis is evident. The absence of beam-hardening 
artifacts in MRI was a decided advantage over CT (fig. 7). 


Response to Therapy 


Of the seven patients scanned before and after chemo- or 
radiotherapy, significant reductions in lesion size were noted 
in three (two Ewing tumors and one osteosarcoma; figs. 3 
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Fig. 4.—13-year-old girl with osteosarcoma of 
proximal right tibia. Coronal SE 2000/28 image. 
Increased signal in muscle (arrow). which proved to 
contain viable neoplasm histologically. 

Fig. 6 45-year-old man with plasmacytoma of 
T6 vertebra, involving body and pedicle. Coronal 
SE 500/28 image reveals impingement on spinal 
cord. On this short-TR, T1-weigh*ed image, spinal 
fluid in dural sac is not seen. 


and 5); in two of these there were also posttherapeutic 
changes in relative signal intensity of the neoplasm compared 
to adjaeent normal tissues. In three of the remaining four 
cases (two osteosarcomes and one chondrosarcoma) the 
MRI appearance did not cnange substantially (fig. 2). In one 
case, a patient with osteosarcoma, a sharp boundary devel- 
oped between the intramedullary part of the lesion and the 
adjacent normal marrow efter therapy, while the rest of the 
tumor did not change in appearance substantially. 

The tumors in four of the seven cases were evaluated 
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Fig. 5.—18-year-old man with Ewing sar- 
coma of right proximal humerus. A, Non-con- 
trast-enhanced CT, shown at narrow window 
setting. B, Transverse SE 2000/28 at same 
level more clearly demarcates soft-tissue ab- 
normality. Relatively sharp boundary suggests 
that abnormality is tumor, not simply edema (cf. 
fig. 4). C, Coronal SE 2000/28 image clearly 
demonstrates extent of disease. D, Transverse 
SE 2000/28 4 months later, after radiation and 
chemotherapy, shows regression. 


histologically both before and after therapy. In all cases the 
response to therapy was gauged histopathologically on the 
basis of tumor necrosis. One patient who showed a reduction 
in tumor size as well as a change in intensity characteristics 
of the neoplasm on MRI showed good response to chemo- 
therapy pathologically (fig. 3). A second patient, whose lesion 
did not change on MRI, showed a poorer response to chemo- 
therapy histopathologically (fig. 2). The third patient, who 
showed only a slight change in the size and intensity of the 
lesion on MRI, exhibited minimal response to therapy. In the 
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TABLE 1: Compartson of Lesion Depiction on MRI and CT 


MAI< CT MAi~ CT MRI> CT 


Depiction of tumor boundary......... 5 7 13 
Contrast between tumor and surround- 
Ing soft tissues ............... 0 6 17 
Demonstration of relation of tumor to ad- 
jacent nerves and vessels ....... 2 7 11 
Visualization of bone marrow abnormality 0 1 12 
Overall rating ........0.......... 1 4 21 





final patient, in whom only the intramedullary part of the lesion 
changed, there was also only limited response to therapy. 


Calculated Relaxation Times 


T1 and T2 relaxation times for normal muscle and fat and 
for the tumors are shown in table 2. The range of relaxation 
times for the tumors was great; the values were not heipful 
in characterizing tumors by tissue type or in distinguishing 
benign from malignant lesions. 


Radionuclide Studies 


Radionuclide bone scans were performed in 15 of the 
patients, and were positive in 14. Radionuclide examination 
demonstrated the bony extent of the 14 lesions clearty, but 
spatial resolution was poor. None of the bone scans added 
information about tumor extent to that already available from 
CT and MRI. A major advantage of radionuclide imaging was 
in excluding additional remote skeletal lesions. 


Discussion 


The value of MRI in evaluating tumors of the musculoskel- 
etal system has been previously noted [1-4]. MRI offers great 
contrast between normal] and abnormal tissues. The absence 
of signals from cortical bone and calcium Is a hindrance in 
diagnosis, but a virtue in permitting assessment of tumor 
extent, unimpaired by beam hardening and other bone-related 
artifacts found in x-ray imaging. In two recent series compar- 
ing the efficacies of MRI and CT, MRI was found to be of 
equal or greater value than CT In assessing the extent of 
disease in the majority of cases [3, 4]. Our findings show MRI 
to be the superior method in a much greater percentage of 
cases than in these reports. This may be related to our having 
used an MRI system based on a superconducting magnet, 
whereas the previous two groups used lower-field-strength 
resistive systems. Our results also suggest that there is an 
important role for MRI in evaluating response to nonsurgical 
therapy. 

Taking all factors into account, we found MRI superior to 
CT in delineating disease in the large majority of our cases. 
Several operational factors were important in realizing this 
advantage, including the use of coronal or sagittal as well as 
transverse Imaging planes. Also, the choice of proper pulse 
sequences Is important. We found SE sequences excellent in 
the evaluation of these neoplasms. It was often necessary to 
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use at least two sequences: a short-TR sequence for maximal 
contrast between lesion and fat, including bone marrow fat, 
and a long-TR sequence for optimal contrast between the 
lesion and adjacent muscle. Coronal and sagittal Images were 
of great help in demonstrating tumor extent. For tumors 
involving the long bones, scanning is generally best performed 
with the affected limb placed parallel to the imaging plane. 
Motion artifacts and a lack of a suitable bowel contrast agent 
are limitations of MRI in the abdomen; both problems may 
yield to technologic advances. 

Although we found MRI to be subjectively superior in 
delineating the extent of tissue abnormality, the accuracy of 
lesion depiction is obviously a significant Issue. We had only 
four cases in which accuracy was pathologically verified, and 
in these cases found MRI to be correct. It Is inappropriate to 
draw strong conclusions from so few cases, but we believe 
MRI will indeed prove to be as accurate, if not more so, than 
CT in the delineation of disease extent. Furthermore, MRI’s 
clear delineation of abnormal tissue and its relation to adjacent 
vascular and nervous structures suggests that it is more 
useful than other currently available imaging methods in pre- 
operative staging, planning the surgical approach, and deter- 
mining the potential for limb salvage. 

A related issue concems verification of the nature of ab- 
normal tissue identified on MRI. We recognize, for example, 
that it can be difficult to distinguish reactive edema from 
neoplasm using current Imaging techniques, Including MRI. 
This question, too, will need to be addressed in further studies 
that provide radiologic-pathologic correlation. 

We have also called attention to the potential value of MRI 
In gauging response to therapy. Again, It is not possible to 
draw firm conclusions on the basis of our limited experience, 
although our findings are encouraging. In addition to obtaining 
radiologic-pathologic correlation in many more cases, issues 
such as the number, timing, and location of biopsy sites must 
be addressed. 

Neither MRI nor CT was especially useful in providing 
diagnostic information not demonstrable on plain films. The 
two exceptions were for fatty lesions, which have a pathog- 
nomonic appearance on both MRI and CT, and aggressive 
fibromatosis. In both of our cases with the tatter condition, 
we observed low signal intensity from the tumor on MRI using 
both T1- and T2-welghted pulse sequences. This may be 
characteristic for some of these lesions, when they consist of 
dense collagen and are relatively acellular. 

A major reason for the overall failure of MRI and CT in 
diagnosis is that calcification, ossification, and periosteal re- 
action are less easily evaluated than on plain radiographs. 
Calcification and cortical bone produce no signal on MRI, 
although identification fs still often possible by recognizing the 
signal vold. The findings are seen on CT, but with less spatial 
resolution than on routine radiographs. In several of our 
cases, the ability to visualize calcium did give CT a diagnostic 
advantage over MRI; in these cases, however, the plain films 
provided most of the essential missing Information. It must 
be remembered, however, that much of the diagnostic value 
of plain films stems from well defined diagnostic criteria, which 
evolved from many years experience. Possibly, in this context, 
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Fig. 7.—22-year-old woman with parosteal osteosar- 
coma of distal left femur. A, Non-csontrast-enhanced CT 
demonstrates lesion; bone-relatec artifact is present in 
marrow space. B, Transverse SE 2000/28 image at same 
level; sharp boundary of marrow fet is more easily appre- 
ciated. C, Sagittal SE 2000/28 image shows extent of 
cortical leson (arrow). D, Plain film 


TABLE 2: Calculated Relaxation Times 


TI, msec T2, msec 

(mean + SD) (mean + SD) — 
Normal muscle i ccs c eee 42s ean 577 + 209 30+ 4 
a) re se 345 + 133 sos 7 
kesin ga da ma a cer a AS rara 1054 + 692 62 + 18 


the utility of both MRI and CT, especially MRI, will improve in 
the future. 

Calculated T1 and T2 relaxation times were not found to 
be useful in evaluating these lesions, because of both the 
wide variation in the relaxazion times of tumors and technical 
difficulties in making the measurements with current equip- 
ment. The latter include dartial-volume averaging effects, 
antenna-elated radiofrequency field inhomogeneity, motion 
artifacts, the limited number of data points, and the approxi- 
mations inherent in the algorithms used. Further, the small 
number of patients with eech tumor type precluded the col- 
lection of statistically useful data. As more patients are studied 
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and the technology is improved, such measurements may 
become practical and important. 

We did not recognize any parameters for differentiating 
benign from malignant lesions on the basis of relaxation time 
determinations or other characteristics unique to MRI. None- 
theless, we believe accepted criteria developed for other 
imaging methods, such as degree of invasiveness, sharpness 
of lesion boundary, and tumor homogeneity, are well suited 
to evaluation on MRI with its intrinsic high tissue contrast. 
Also, we have noted a sharp low-signal boundary in some 
benign lesions, including a posttraumatic fracture with a he- 
matoma not included in this series (unpublished observation). 
A similar finding in bone marrow was described by Zimmer et 
al. [4]. We are currently evaluating the prevalence of such 
boundaries in benign osseous lesions and whether they have 
value in differential diagnosis. 

A more definite evaluation of the accuracy of MRI in defining 
the boundaries of actual neoplasm and in assessing the 
response to therapy must await additional studies with good 
radiologic-pathologic correlation. Nonetheless, we believe on 
the basis of our limited evidence that MRI, interpreted in 
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conjunction with appropriate conventional radiographs, is cur- 1983;149:181-187 
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Mediastinal Collateral 
Arteries: Important Vessels in 
Coarctation of the Aorta 





Mediastinal collateral arteries are usually present in children with coarctation of the 
aorta or obstruction of the subclavian artery. These arteries, normally bilateral, connect 
the subclavian artery, costocervical trunk, or supreme intercostal artery to the descend- 
ing thoracic aorta. They probably represent hypertrophied preexisting normal vessels 
of an embryologic origin other than persistence of a dorsal aortic root. Radiologists 
should be aware of the high frequency of these mediastinal vessels in patients with 
coarctation of the aorta and subclavian obstruction because they indicate a hemody- 
namically significant lesion. 


The best known collateral vessels in coarctation of the aorta and occlusion of 
the subclavian artery are internal thoracic and parascapular arteries that connect 
the high-pressure proximal system to the low-pressure vessels distal to the 
obstruction via dilated intercostal arteries. Radiologic features of the equally im- 
portant short or more direct mediastinal collateral arteries have not previously been 
emphasized. 

A right vessel, previously called the “arteria aberrans” [1, 2], connects the right 
subclavian, costocervical, or supreme intercostal arteries to the distal aorta. This 
mediastinal collateral has been interpreted as a hypertrophied remnant of the 
embryologic right dorsal aortic root [1]. 

We have often noted mediastinal collateral vessels in children with coarctation 
of the aorta or occlusion of the subclavian artery. In addition to the collateral artery 
on the right, a similar collateral vessel on the left is usually present. 

We illustrate and describe the anatomy of direct mediastinal collateral arteries. 
The high frequency of these mediastinal vessels in patients with coarctation of the 
aorta is documented and their significance is discussed. 


Representative Case Reports 


Case 1 


An 8-month-old boy had a systolic heart murmur, hypertension in the upper extremities, 
and absence of femoral artery pulses. Echocardiography demonstrated left ventricular hyper- 
trophy and a probable bicuspid aortic valve. Thoracic aortography via a right axillary artery 
approach showed a tight coarctation with prominent internal thoracic arteries (fig. 1A). In 
addition, there were bilateral mediastinal collateral arteries present on both anteroposterior 
(fig. 1A) and lateral (fig. 1B) views. 

This patient had a severe coarctation of the aorta just distal to the origin of the left 
subclavian artery that required surgical correction. The right and left direct mediastinal 
collateral arteries were as large as the hypertrophied internal thoracic arteries (fig. 1). Flow in 
these mediastinal arteries was caudad from the high-pressure subclavian arteries to the low- 
pressure descending thoracic aorta distal to the coarctation. 
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Fig. 1.—Case 1, coarctation of aorta. A, AP thoracic aortogram. Severe 
coarctation (closed arrow) of descending thoracic aorta. Internal mammary 
arteries (M) are hypertrophied. Bilateral direct mediastinal collateral arteries 
(open arrows) with flow extending caudad from subclavian arteries to descend- 
ing thoracic aorta. Mediastinal collateral on left is difficult to see because of 


Case 2 


A 13-year-old boy had upper extremity hypertension and dimin- 
ished femoral pulses during a physical examination for participation 
in football. Echocardiography demonstrated left ventricular hypertro- 
phy and a probable bicuspid aortic valve. Thoracic aortography via a 
right axillary artery approach confirmed a bicuspid aortic valve and a 
tight coarctation with prominent internal thoracic arteries (fig. 2A). In 
addition, there were bilateral mediastinal collateral arteries, more 
prominent on the right than the left (fig. 2B). A catheter was subse- 
quently passed through the coarctation, revealing a pressure gradient 
of 20 mm Hg. 

This patient had a severe localized coarctation of the aorta just 
distal to the origin of the subclavian artery. The right mediastinal 
collateral artery was larger than the hypertrophied internal thoracic 
arteries, while the left mediastinal artery was slightly smaller than the 
hypertrophied internal thoracic arteries (fig. 2). The flow in the me- 
diastinal arteries was caudad from the high-pressure subclavian 
artery to the low-pressure descending thoracic aorta distal to the 
coarctation. Collateral circi‘ation was so profuse that there was only 
a 20-mm-Hg gradient across the coarctation, which measured 2 mm 
in diameter at surgery. 
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superimposition of subclavian artery and thoracic aorta. B, Lateral thoracic 
aortogram. Bilateral direct mediastinal collateral arteries (arrows) are readily 
apparent. Vessel on right extends from subclavian artery (S), containing radio- 
paque catheter, to descending aorta (A). 


Case 3 


A 3-year-old boy had chronic right-upper-extremity pain associated 
with absence of the right radial, brachial, and axillary pulses. A 
retrograde thoracic aortogram showed occlusion of the right subcla- 
vian artery (fig. 3A). There was delayed filling of the proximal part of 
the subclavian artery distal to the occlusion by retrograde flow in the 
costocervical trunk via a large mediastinal collateral vessel (fig. 3B). 

This patient had a presumed congenital occlusion of the right 
subclavian artery. The flow in the right direct mediastinal collateral 
artery was cephalad from the high-pressure descending thoracic 
aorta to the low-pressure subclavian artery distal to the complete 
obstruction via the costocervical trunk. 


Literature Review 


Blackford [3] first described a direct mediastinal collateral 
artery in a patient with coarctation of the aorta in 1928. He 
noted that “from the costocervical trunk arose a tortuous 
artery, 14 mm in circumference and 7 cm in length, which 
passed behind the esophagus to open in the aorta just above 
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Fig. 2.—Case 2, coarctation of orta. A, AP thoracic aortogram. Bicuspid 
aortic valve and severe coarctation (arrow) of descending thoracic aorta. 
Internal thoracic arteries are hypertrophied. Left mediastinal collateral artery is 
difficult to see because of superimposition of subclavian artery and thoracic 
aorta. B, Deayed AP thoracic aortogram. Bilateral direct mediastinal collateral 


the ongin of the third intercostal; its lower part was dilated to 
form an aneurysm about 2 cm in diameter.” 

Kjeliberg et al. [4] describ2d “collateral arterial trunks con- 
necting the intercostal arteri2s given off by the costocervical 
trunk anc the superior part of the aorta.” An accompanying 
illustration labels mediastinal collateral arteries as simply “col- 
lateral arterial trunks.” 

Edwarcs et al. [5] shows bilateral mediastinal collateral 
arteries and labels them onlw as “collaterals.” Gasul et al. [6] 
describes a “large collateral branch” connecting the superior 
intercosta artery to the descending aorta as the “first aortic 
intercostal.” 

Patten |1] described a mediastinal collateral artery on the 
right and referred to it as the aberrant artery as follows: 
“Aberrant artery [a. aberrans].—This is a small twig which, 
arising from the thoracic aorta near the right intercostobron- 
chial artery, passes upward and to the right, behind the 
esophagus and trachea; it t occasionally found to anasta- 
mose on the esophagus witk an aberrant artery from the right 
subclaviam, costocervical, or supreme intercostal artery. It is 
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arteries (arrows) are readily apparent. Both vessels originate from costocervical 
trunk of subclavian artery and insert into descending thoracic aorta. Small 
gradient across tight coarctation is due to abundant collateral flow via these 
mediastinal arteries. 


regarded as the remnant of the right dorsal aortic root.” A 
diagram illustrates a direct mediastinal collateral artery on the 
right connecting the subclavian artery or one of its branches 
and the middle of the descending thoracic aorta [1]. 

In 1967, Zetterqvist [7] noted that “the right aortic root 
normally undergoes regression but persists in many anoma- 
lous states and may then serve the arterial blood distribution 
by permitting a flow in one direction or the other. Probably, it 
also gives rise to the so-called collateral arterial trunk often 
seen in cases of ordinary post-ductal or adult coarctation.” In 
1969, Netter [2] illustrated a collateral vessel on the right in 
coarctation of the aorta. He labeled this more direct medias- 
tinal artery on the right as the “arteria aberrans.” 

Jonsson [8], in describing the collateral circulation in coarc- 
tation of the aorta in older children and adults, noted “short, 
wide pathways formed by the first pair of posterior intercostal 
arteries. These are the most effective collaterals. They are 
supplied by the subclavian arteries via the costocervical 
trunk.” An accompanying illustration labels these mediastinal 
collateral arteries as “first posterior intercostal arteries.” 
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Fig. 3.—Case 3, congenital right subclavian artery occlusion. A, AP thoracic 
aortogram. Innominate artery (I) and right common carotid artery (C) are well 
Opacified, but right subclavian artery is occluded. Right mediastinal collateral 


Materials and Methods 


The angiograms of 82 patients at two institutions (Duke University 
Medical Center; Children’s Medical Center) over 15 years (1970- 
1984) with surgically proven coarctation of the aorta were reviewed. 
Angiography was performed using cut film (20 patients), cineangio- 
cardiography (54), or intraarterial digital subtraction angiography 
(eight). These angiograms were reviewed for the presence of internal 
thoracic, parascapular, intercostal, or mediastinal collateral circula- 
tion. If mediastinal collateral circulation was present. the cephalic 
Origin (subclavian artery, costocervical trunk, or supreme intercostal 
branch of subclavian artery) was determined. 


Results 


Collateral circulation was present in 76 of 82 patients with 
coarctation of the aorta. In all 76, mediastinal collaterals 
were identified. These mediastinal collateral vessels were as 
large or larger than associated internal thoracic, parascapular, 
or intercostal collateral vessels. The mediastinal collateral 
vessels were bilateral in 68 of 76 patients, although always 
more apparent on the right than the left. These mediastinal 
arteries connected the right subclavian artery (10 patients 
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artery is identified (arrows). B, Delayed AP thoracic arotogram. Right subclavian 
artery (S) fills from this mediastinal collateral (closed &@ rows) via costocervical 
trunk (open arrows). 


[13%]), costocervical branch (51 patients [37%]), or Supreme 
intercostal trunk (15 patients [20%]) to the descending tho- 
racic aorta. The flow in these collaterals was always Caudad 
from the high-pressure subclavian artey or one of its 
branches to the low-pressure descending -horacic aorta. 


Discussion 


The best known collateral vessels in >oarctation of the 
aorta or subclavian artery obstruction are parascapular ves- 
sels, intercostal arteries, and internal thoracic arteries. Poten- 
tial parascapular collaterals include transverse scapular, 
thoracoacromial, lateral thoracic, subscapUlar, and circumflex 
scapular arteries [2, 8]. Other, less frequen collaterals include 
transverse cervical, cervical, vertebral, and anterior spinal 
arteries [2]. We have often noted mediastinal collateral arter- 
ies in children with subclavian artery occlusion and in all 
children with coarctation of the aorta who have well developed 
collateral circulation. The radiologic anatony of these more 
direct mediastinal collateral vessels has not been previously 
described. 
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Fig. 4.—Anatomy of direct mediastinal collateral arteries. A, Coarctation of 
aorta. Fiow in collateral arteries (arrcws) is caudad from high-pressure subcla- 
vian arteries (RS, LS) to low-pressure descending thoracic aorta distal to 
coarctation. in proximal subclavian artery occlusion, flow is cephalad from high- 
pressure aorta to low-pressure subclavian artery distal to obstruction. Right 


Direct mediastinal collateral arteries are almost always bi- 
lateral, although usually more prominent on the right than the 
left, in patients with coarctation of the aorta. Since the vessel 
on the left is directly behind the left subclavian artery and the 
descending thoracic aorta, it may not be readily appreciated 
on early anteroposterior ang ographic views (figs. 1A and 2A). 
The bilateralism of the collaterals will be apparent on lateral 
angiograms (fig. 1B) or on delayed films of the anteroposterior 
view (fig. 2B). The mediastinal arteries connect the subclavian 
arteries or one of their brarches to the descending thoracic 
aorta (fig. 4A). The cephalad end of this vessel may commu- 
nicate directly with the subclavian artery, the costocervical 
trunk, or the supreme intercostal branch of the subclavian 
artery (fig. 4B). The flow in the mediastinal collateral vessels 
is caudad in coarctation of the aorta (figs. 1, 2, and 4); it is 
cephalad in subclavian artery obstruction (figs. 3 and 4). The 
caudal end of a collateral plexus may connect to the descend- 
ing aorta by tortuous arteries corresponding to the second 
and third intercostal arteries as a continuation of the superior 
(Supreme) intercostal artery. 

The embryology of mediastinal collateral arteries is un- 
known. They most likely represent normal preexisting arteries 
that dilate to provide collateral circulation to an obstructed 
vessel. We have noted direct mediastinal collateral arteries 


subclavian 
artery 


MEDIASTINAL COLLATERAL ARTERIES 761 









deep cervical 
branch 


costocervical 
trunk 


superior 
intercostal 
artery 


aberrant vessel 


(RCC) and left (LCC) common carotid arteries. B, Detailed anatomy of cephalad 
end of right direct mediastinal collateral artery. Collateral vesse! may commu- 
nicate directly with subclavian artery (a), with superior intercostal artery (b), or 
with costocervical trunk (C). 


on the right in patients with a right aortic arch anc in patients 
with an aberrant right subclavian artery. Moreover, these 
mediastinal collaterals are usually bilateral in coarctation of 
the aorta. For these reasons, the embryologic origin is be- 
lieved to be other than persistence of the right dorsal aortic 
root. 

Radiologists should be aware of the high frequency of 
mediastinal collateral arteries in patients with coarctation of 
the aorta or subclavian artery obstruction and significant 
collateral circulation. Occasionally, a very large mediastinal 
collateral vessel in coarctation of the aorta can extrinsically 
impress the barium-filled esophagus and mimic an aberrant 
subclavian artery. The presence of mediastinal collateral ves- 
sels in aortic or subclavian artery obstruction provides further 
evidence that the lesion is hemodynamically significant. Iden- 
tification of mediastinal collateral arteries in coarctation of the 
aorta may substantiate the necessity for surgical intervention 
in children with an equivocal pressure gradient (case 2) or 
questionable decrease in luminal aortic diameter. 
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Value of the Peroral 
Pneumocolon in Children 





This is the first study in children of the use of the peroral pneumocolon, which entails 
insufflation of air per rectum to examine the terminal ileum and cecum in conjunction 
with a conventional barium follow-through examination. Of 1188 conventional barium 
follow-through examinations performed during 21⁄2 years, results were ambiguous in 13 
patients, who then underwent a peroral pneumocolon study. This study showed terminal 
ileitis in six patients, confirming the diagnosis of Crohn disease in five and Behçet 
syndrome in the other. In four patients peroral pneumocolon findings were normal. More 
extensive cecal or proximal ileal disease was shown in three patients by peroral 
pneumocolon, and fistulae suspected on conventional study were confidently excluded 
in two others. In all 13 the examination was well tolerated, and avoided further, more 
invasive procedures. The peroral pneumocolon is a useful procedure in children for 
these indications. 


The terminal ileum is sometimes a difficult part of the small bowel to examine 
satisfactorily on a conventional small-bowel barium follow-through examination, 
especially if the cecum lies deep in the pelvis. Although enteroclysis improves 
visualization, it may not show the distal portion satisfactorily [1]. Furthermore, it is 
an invasive technique not commonly used in children. In adults, the peroral 
pneumocolon has been advocated for the delineation of the proximal large bowel 
[2, 3] and, more recently, for the terminal ileum when these areas are not well seen 
on the conventional follow-through examination [1, 4-6]. 

The peroral pneumocolon entails insufflation of air per rectum when barium from 
a conventional follow-through examination has reached the terminal ileum. It can 
easily be incorporated into the routine follow-through examination as an extra 
technique for spot filming of the terminal ileum. This report assesses the technique 
in children seen at this pediatric institution. 


Materials and Methods 


The peroral pneumocolon examinations performed over a 2¥2 year period (March 1982 to 
August 1984) at the hospital were reviewed along with clinical and other radiologic information. 
All peroral pneumocolons had been performed at the end of a conventional examination by 
one of three radiologists. The indications for the peroral pneumocolon examinations included 
(1) a poorly seen terminal ileum, (2) clinically suspected inflammatory bowel disease with an 
apparently normal terminal ileum, and (3) an abnormal terminal ileum with equivocal fistulae. 
These indications were based on those suggested for the evaluation of gastrointestinal 
disorders in adults [6]. 


Results 


During this period 1188 conventional small-bowel follow-through examinations 
were performed, including 13 in which a peroral pneumocolon was carried out to 
demonstrate the terminal ileum. The 13 patients, seven boys and six girls, vere 8- 
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17 years old (mean 13.2 years). Clinical details were available 
in 12 of the 13 children. The underlying diagnosis was Crohn 
disease in eight, Behçet syndrome in one, and no apparent 
gastrointestinal pathology in the other three. Eleven children 
had recurrent abdominal pain and chronic diarrhea, four had 
also passed blood per rectum, nine suffered from growth 
retardation, and 10 had a mass palpable in the right lower 
quadrant of the abdomen. 

In four, the peroral pneumocolon demonstrated a normal 
terminal ileum (fig. 1). In six cases, it showed a definitely 
abnormal terminal ileum confirmed as Crohn disease in four 
(fig. 2), probable Crohn disease in one, and Behçet syndrome 
in one (fig. 3). The peroral pneumocolon demonstrated more 
proximal ileal disease in one case of Crohn disease and cecal 
involvement not seen on conventional examination in two 
others. In two patients with Crohn disease, fistulae suspected 
on conventional examination were confidently excluded on 
peroral pneumocolon (fig. 4). 


Discussion 


Demonstration on the terminal ileum is important primarily 
to diagnose or exclude Crohn disease or to evaluate the 
9 


AJR:146, April 1986 


Fig. 1.—Normal terminal ileum. A, Ter- 
minal ileum was difficult to image on rou- 
tine compression. B, It was clearly seen 
when peroral pneumocolon technique 
was used. 


extent of the disease preoperatively. Since Crohn disease is 
extremely rare under the age of 8 years, peroral pneumocolon 
was not undertaken in younger children. Of the approximately 
250 children (aged 6-18 years) with Crohn disease followed 
at this hospital, most can be evaluated without peroral pneu- 
mocolon. The eight patients in this study presented problems 
in evaluating the terminal ileum, and, thus, a peroral pneu- 
mocolon was performed. 

Whenever the terminal ileum is not delineated by the peroral 
pneumocolon, it can be demonstrated by refluxing barium 
from the colon into the terminal ileum or by enteroclysis. 
However, both these techniques are unpleasant and entail 
more radiation than does the peroral pneumocolon. Thus, the 
small-bowel enema can be reserved for cases where there is 
diagnostic uncertainty or where the rest of the small bowel 
requires more detailed examination. 

The peroral pneumocolon is well tolerated in children, re- 
quires no patient preparation, and can be performed in con- 
junction with a conventional small-bowel follow-through ex- 
amination with little additional radiation. In children, when the 
follow-through examination does not satisfactorily demon- 
strate the terminal ileum, the peroral pneumocolon can pro- 
vide diagnostic information and avoid further, more invasive, 
investigation. 
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Fig. 2—Crohn disease. A, Minor irregular nodularity of mucosa could be 
related to lymphoid hyperplasia. There is slight rigidity of terminal ileum on 
fluoroscopy, Dut on palpation terminal ileum was mobile and no appreciable 
bowel-wall thickening was seen. B, Peroral pneumocolon confirmed abnormality 
and demonstrated irregular nodular mucosa with ulceration. 


A oe B 


Fig. 3.—Bencet syndrome. A, Terminal ileum was poorly demonstrated on conventional spot films. B, It was seen well on peroral pneumocolon, which shows 


deformed. irreaular cecum, ileocecal valve, and distal terminal ileum. e 
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Fig. 4.—Crohn disease. A, Fistulae were suspected on routine spot films, even with compression (not shown). B, Peroral pneumcColon with compression 
excluded fistulae. 
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Fetal Renal Cystic Disease: 
Sonographic-Pathologic Correlation 





Renal cystic disease encompasses a complex group of pathologic and clinical entities, 
with varied yet distinctive sonographic features. An accurate assessment of the fetal 
genitourinary tract and the amniotic fluid volume by sonography can lead to a specific 
prenatal diagnosis in most cases. This article emphasizes the usefulness of sono- 
graphic-pathologic correlation in understanding renal cystic disease. The entities dis- 
cussed are infantile polycystic kidney disease (Osathanondh and Potter type |), multi- 
cystic renal dysplasia (type Il), adult polycystic kidney disease (type III) and renal cystic 
dysplasia associated with obstructive uropathy (type IV). Sonograms of six correctly 
diagnosed cases between November 1982 and November 1984 were retrospectively 
reviewed and correlated with their pathologic findings. The differential diagnosis and 
possible pitfalls are discussed. In addition, the impact on perinatal management and 
the role of genetic counselling will be emphasized. 


With the advent of high-resolution sonography, many congenital malformations 
of the fetal genitourinary system can be detected in the antenatal period [1, 2]. 
Renal cystic disease encompasses a complex group of pathologic and clinical 
entities, with varied but distinctive sonographic features. An accurate assessment 
of the fetal genitourinary tract and the amniotic fluid volume by sonography can 
lead to a specific prenatal diagnosis in most cases. We emphasize the importance 
of sonographic-pathologic correlation in understanding renal cystic disease. The 
entities discussed are infantile polycystic kidney disease (Osathanondh and Potter 
type l), multicystic renal dysplasia (type II), adult polycystic kidney disease (type 
Ill), and renal cystic dysplasia associated with obstructive uropathy (type IV). 


Materials and Methods 


From November 1982 to November 1984, a diagnosis of renal cystic disease was made 
in six fetuses at the Ultrasound Unit of Women's College Hospital, Toronto. Indications for 
prenatal sonography include abnormal scan in level-| ultrasound facility, feta! age determination 
in second trimester, and uterine size large for dates. Static articulated-arm B-scanning was 
performed with a 3.5-MHz long-internal-focus transducer. Real-time images were obtained 
with either a linear array or mechanical sector scanner, using a 3.5- or 5-MHz transducer. 
Clinical and autopsy data were available in all cases. 


Results 


Severe oligohydramnios was present in all six cases. Related pulmonary hypo- 
plasia accounted for the fatal outcome in five of the six cases. The remaining fetus 
was stillborn. There was one case of infantile polycystic kidney disease, two cases 
of bilateral multicystic renal dysplasia, and three cases of renal cystic dysplasia 
associated with obstructive uropathy. 
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Representative Case Reports 


Infantile Polycystic Kidney Disease 


A 30-year-old primigravida was referred because of an abnormal 
scan in a level-I ultrasound facility. Sonography at 34 weeks showed 
severe oligohydramnios (fig. 1). Both fetal kidneys were enlarged and 
highly echogenic. The fetal bladder was not identified, even after 
administration of furosemide to the mother. Labor was induced at 37 
weeks because of toxemia. During vaginal delivery, a decompressive 
procedure was required for abdominal dystocia. A stillborn male infant 
weighing 3640 g was delivered. Autopsy revealed bilaterally enlarged 
kidneys (left 360 g, right 350 g), with the characteristic gross and 
microscopic findings of infantile polycystic kidneys. There was also 
congenital hepatic fibrosis. 


Bilateral Multicystic Renal Dysplasia 


A 31-year-old primigravida had sonography at 20 weeks for fetal 
age determination. There was severe oligohydramnios (fig. 2). Both 
fetal kidneys were enlarged, the left kidney being larger, and multiple 
cysts were seen in both kidneys. The fetal bladder was not visualized. 
A male infant (1290 g) was born by normal vaginal delivery at 32 
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Fig. 1.—Infantile polycystic kidney disease. A, 
Longitudinal sonogram through uterus at 34 
weeks of gestation demonstrates severe oligo- 
hydramnios. F = fetus, P = anterior placenta. B, 
Limited longitudinal scan of fetal abdomen shows 
enlarged, highly echogenic kidney (arrows). C, 
Photograph of cut surface of kidney shows typical 
spongelike appearance with cysts running per- 
pendicular to renal capsuie. D, Whole-mount pho- 
tograph shows longitudinal cystic dilatation of 
collecting ducts. 
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weeks. He died after 22 min. Autopsy revealed bilateral multicystic- 
dysplastic kidneys. 


Renal Cystic Dysplasia Associated with Obstructive Uropathy 


A 29-year-old woman, gravida 5, para 3, was referred because of 
an abnormal scan in a level-l ultrasound facility. Sonography at 35 
weeks showed severe oligohydramnios (fig. 3). There were small 
cysts in both fetal kidneys. In addition, bilateral hydronephrosis, 
hydroureters, dilated bladder, and dilated posterior urethra were 
identified. A male infant (2200 g) was born by normal vaginal delivery 
2 days later. He died soon after birth. Autopsy revealed urethral 
atresia, enlarged bladder, hydroureters, hydronephrosis and multi- 
cystic dysplastic kidneys. 

A 27-year-old primigravida had sonography at 29 weeks because 
clinical assessment indicated her uterus to be large for dates. There 
was severe oligohydramnios. Both fetal kidneys were enlarged by 
multiple large cysts (fig. 4). The largest cyst on the right side measured 
10 x 9.5 x 8 cm. Bilateral hydroureters and a thick-walled, moderately 
distended bladder were seen. Ascites was also present. Premature 
labor occurred at 30 weeks. During vaginal delivery, it was necessary 
to puncture the right cyst, and 700 ml of fluid was drained. The 2500- 
g male infant died after 26 min. Autopsy revealed posterior urethral 
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Fig. 2.—Bilateral multicystic renal dysplasia. A, Longitudinal sonogram of fetus at 20 weeks of 
gestation demonstrates enlarged left kidney (arrows) with multiple cysts. Right kidney (not shown) was 
smaller, with a few cysts. B, Whole-mount photograph shows left and right (arrow) kidneys as 
disorganized masses of cysts and connective tissue. C, Photomicrograph (x100) shows edge of large 
cyst. Small dysplastic tubules (arrow) and island of cartilage (arrowhead) are seen in primitive mesen- 


chyme. 


valves, eniarged bladder, hydroureters, bilateral multicystic dysplastic 
kidneys, and ascites. 


Discussion 


There have been a number of proposed theories and sys- 
tems that classify renal cystic diseases. Osathanondh and 
Potter [3] described four types of congenital cystic disease 
based primarily on their pathologic observations and micro- 
dissections. This classification has certain deficiencies, in that 
cysts associated with disorders such as Meckel and Zell- 
weger syndrome are not included. However, it provides a 
useful merphologic approach, and the following discussion is 
based on this classification. 

Infantile polycystic kidney disease (type |!) is an inherited 
autosomal-recessive disease, manifesting variable clinical 
expressien dependent on the degree of renal and hepatic 
involvement [4]. Light microscopy shows diffuse saccular 
dilatation of the collecting tubules, producing numerous 1-2 
mm cysts. The nephrons are normal in number and configu- 
ration. Both kidneys are enlarged, but a smooth contour is 
maintained. The cut surface has a spongelike appearance 
with 1-2 mm linear cysts. These run perpendicular to the 
renal capsule and are present throughout the renal cortex 
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and medulla. Sonography reveals bilateral reniform enlarge- 
ment of the fetal kidneys. The ratio of kidney circumference 
(KC) to abdominal circumference (AC) is increased (normal 
KC/AC ratio is 0.27-0.30) [5]. There is usually a diffusely 
increased central renal echo pattern with a peripheral rim of 
hypoechoic parenchyma and poor delineation of intrarenal 
structures [6, 7]. The numerous tiny cysts are usually smaller 
than the limit of sonographic resolution, but the multiple 
interfaces produced by the cysts account for the character- 
istic diffusely increased renal echogenicity. Occasionally, a 
similar renal sonographic appearance may be seen in fetuses 
affected with adult polycystic kidney disease (type Ill). As a 
result of diminished renal function, the rena! pelves and the 
small atrophic fetal bladder are usually not visualized. Oligo- 
hydramnios is invariably present. There have been reports 
of sonographic diagnosis of infantile polycystic kidney disease 
as early as 17 postmenstrual weeks [5, 6]. However, the fetal 
kidneys affected with infantile disease may appear sono- 
graphically normal early in gestation and become abnormal 
only in the third trimester of pregnancy [8]. Hence, a normal 
fetal sonogram early in gestation of a fetus at risk for infantile 
polycystic kidney disease does not ensure absence of this 
disease. 

Congenital multicystic renal dysplasia (type Il) is character- 
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ized by disturbed differentiation of nephrogenic tissue. The 
renal parenchyma is replaced primarily by cysts of varying 
sizes. The vascular pedicle may be atretic. The proximal one- 
third of the ureter may be absent or hypoplastic. Microscopic 
examination shows increased connective tissue, thick-walled 
cysts, small groups of tubules, and poorly formed glomeruli. 
Typically, islands of undifferentiated mesenchyme and carti- 
lage are present. Renal involvement is usually unilateral, but 
may be bilateral, when it is invariably fatal. It is a non- 
Mendelian developmental anomaly. However, in a few in- 
stances, recurrences have been reported in siblings [9-11]. 
The earliest reported antenatal sonographic diagnosis was 
made at 18 weeks of gestation [12]. The sonographic ap- 
pearance of multicystic renal dysplasia correlates with the 
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Fig. 3.—Renal cystic dysplasia associated with urethral atresia. A, Coronal 
scan of fetus at 35 weeks of gestation demonstrates echogenic right kidney 
(white arrows) with a few small cysts, and left kidney (black arrows) with dilated 
renal pelvis (H) and several cysts. Longitudinal scans through lower pelvis (B) 
and abdomen (C) shows dilated, thick-walled fetal bladder (BI). Posterior urethra 
(U) and distal ureter (Ur) are also dilated. D, Whole-mount photograph of left 
kidney shows cysts of varying sizes and dilatation of renal pelvis (H) and ureter 
(Ur). 


gross pathologic appearance. There is loss of the normal 
reniform outline. The kidney appears as a large mass with 
cysts of varying sizes. The appearance should be distin- 
guished from hydronephrosis with caliceal and infundibular 
dilatation [2], as well as from bowel anomalies. If the contra- 
lateral kidney and collecting system are normal, the bladder 
is uSually visualized, and the amniotic fluid volume is normal. 
However, up to one-third of cases are associated with con- 
tralateral anomalies of the genitourinary tract. With bilateral 
renal involvement, there is significantly decreased renal func- 
tion, and the bladder will be atrophic and not visualized 
sonographically. Oligohydramnios signals a grim prognosis. 
Adult polycystic kidney disease (type Ill) is characterized 
by autosomal-dominant inheritance with a high degree of 
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Fig. 4.—Renal cystic dysplasia associated 
with posterier urethral valves. A, Transverse son- 
ogram of upper fetal abdomen at 30 weeks of 
gestatian shows bilateral large cystic masses (ar- 
rows) adjacent to spine (S). B, Scan through 
pelvis demonstrates thick-walled, dilated bladder 
(Bl) and ascites (As). C, Gross photograph shows 
globular kidneys. Kidney on right shows large cyst 
(arrow), whieh was drained during labor to allow 
vaginal delivery. Hydroureters and enlarged blad- 
der are present. D, Whole-mount photograph of 
kidney shows cysts confined to renal cortex. 
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penetrance. It is probably always present at birth, but the age 
at which it is recognized or causes death is dependent on the 
extent of the abnormality. Unlike types | and Il, normal col- 
lecting tubules and nephrons are intermixed with the abnor- 
mal. Usually renal function is adequately maintained for many 
years, and the patients present clinically in adult life. In a 
minority of cases, when the number of normal structures is 


small, renal insufficiency may result in presentation in utero, 
with oligohydramnios, and death occurs soon after birth. On 
gross pathologic inspection, there is bilateral asymmetric renal 
enlargement, and the renal contour is nodular. The cysts are 
distributed throughout the cortex and medulla. To date, three 
cases have been diagnosed antenatally by sonography [13]. 
In each case, there was a history of the disease in one parent. 
e 
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Prior to the 20th week of gestation, the fetal kidneys appear 
normal on sonography; however, on repeat scanning early 
in the third trimester, enlarged kidneys, enlarged echogenic 
kidneys, or multiple renal cysts were seen in these three 
cases. Therefore, although it is rare for adult polycystic kidney 
disease to present in utero, sonographic screening is indi- 
cated where there is a family history of this disease. 

Renal dysplasia associated with obstructive uropathy (type 
IV) remains unclear in pathogenesis. Osathanondh and Potter 
[3] theorized that the changes seen are a result of ampullary 
injury caused by increased back pressure secondary to 
interference with urinary outflow. They found the kidneys to 
be variable in size, from normal to greatly enlarged. In some 
cases, the enlargement is due partly to the presence of cysts 
and partly to hydronephrosis. Cysts are usually present in the 
outer cortex. Characteristically, the bladder is dilated, with 
hypertrophic and trabeculated walls. Hydroureters may be 
present. Microscopically, cysts are seen in the subcapsular 
area of the cortex, but usually structures are more normal in 
deeper layers. 

The fetal urinary tract responds to chronic obstruction 
differently from the more mature system. Beck [14] has 
shown that in lambs, urethral obstruction originating during 
the last half of gestation causes only simple hydronephrosis 
and atrophy. However, if it originates during the first half of 
gestation, renal dysplasia and sometimes cyst formation will 
occur. The varied sonographic appearance of the fetal urinary 
tract reflects the variability of the underlying pathologic proc- 
ess [15]. If the obstruction is early and complete, the renal 
parenchymal findings will simulate type II (multicystic dyspla- 
sia) or type Ill (adult polycystic kidney disease) and macro- 
scopic cysts will be observed. If the obstruction is late or 
mild, dilatation of the pelvicaliceal system will be observed 
without cystic changes. Other sonographic findings include 
oligohydramnios, a dilated posterior urethra, dilated thick- 
walled urinary bladder, hydroureter, ascites, and abdominal 
wall distension. The presence of a dilated thick-walled urinary 
bladder (fig. 5) helps to differentiate type IV from type Il 
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Fig. 5.—Renal dysplasia associated with ab- 
sent urethra. A, Longitudinal sonogram through 
uterus at 21 weeks of gestation demonstrates 
markedly dilated fetal bladder (Bl). Severe oligo- 
hydramnios is present. FH = fetal head. B, Limited 
sector scan shows thickened bladder wall (ar- 
rows). 


disease. The renal findings in types II and IV may be consid- 
ered to represent a spectrum of change, depending on the 
degree, site, and timing of the obstruction [16]. 

Renal dysplasia may be seen with congenital bladder-neck 
obstruction of any cause, but it is most common in infant 
males with posterior urethral valves. Therefore, demonstra- 
tion of male genitalia is extremely important. In addition, 
another characteristic sonographic finding, the dilated poste- 
rior urethra, should be sought with the appropriate scanning 
planes. This is likened to a “keyhole” and is diagnostic of 
posterior urethral valve obstruction or urethral atresia [2]. 

Since some of these entities are incompatible with extrau- 
terine life, perinatal management is greatly influenced by the 
antenatal diagnosis. Recently, attempts mave been made to 
relieve in utero urinary obstruction by draining into the am- 
niotic sac [17, 18]. However, fetal outcome has remained 
poor, as lung hypoplasia is usually not significantly reduced. 
The sonographic identification of renal cortical cysts in a fetus 
with obstructive uropathy has been considered as convincing 
evidence of irreversible renal damage [19], although further 
investigation is warranted. 

Accurate diagnosis of the type of polycystic renal disease 
is essential to allow genetic counselling of the recurrence risk 
for future pregnancies. Couples who have a child affected 
with infantile polycystic kidney disease, an autosomal-reces- 
sive disorder, have a 25% (1:4) risk of having an affected 
child with each subsequent pregnancy. The outcome is usu- 
ally neonatal death. 

A recent publication has reported on the incidence of renal 
anomalies in first-degree relatives of infants with either con- 
genital absence or “severe dysgenesis” of both kidneys [11]. 
Patients with bilateral renal agenesis have not been included 
in our report. The patients described by Roodhooft et al. [11] 
with “severe dysgenesis” appear to fit into Osathanondh and 
Potter’s type Il disease. Nine percent (10 of 111) of first- 
degree relatives were shown to have asymptomatic renal 
malformations, a figure significantly higher than the proportion 
found in the general population. The authors conclude that 
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there is an increased risk of recurrence in affected families, 
and that parents and unaffected siblings have an “increased 
risk of having stent genitourinary malformations.” 

A patient with adult polycystic kidney disease will almost 
certainly be found to have a parent affected by the condition, 
as well as a Classic autosomal-dominant pedigree. If the 
affected parent is young, there may as yet be no Clinical 
evidence of the disease. The risk of having a child with adult 
polycystic kidney disease is 50% (1:2) in each subsequent 
pregnancy. However, the risk of having a child who shows 
signs and symptoms of renal disease in childhood is certainly 
much smaller. Those at risk should be examined by sonog- 
raphy periodicaly up to age 25 [20]. 

Good figures on recurrence risk for posterior urethral valves 
and other causes of congenital bladder outlet obstruction are 
not available, but the risk is certainly small in siblings [21]. 

Sonography of the fetal genitourinary system is both sen- 
sitive and specific for the early detection of congenital anom- 
alies. We recommend sonographic evaluation of the parents 
who have fetuses affected with renal anomalies, so that their 
renal status can be ascertained. In addition, all future fetuses 
at increased risx should undergo sonographic evaluation of 
the genitourinary tract [19]. 
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X-Rays: Heaith Effects of Common Exams. By John W. Gofman and Egan O’Connor. San Francisco: Sierra 


Club, 440 pp., 1985. $25 


The cover of this book declares it to be a practical guide that sorts 
high-risk medical and dental examinations from the low-risk ones and 
is an essential reference for physicians, dentists, patients, and par- 
ents. | will not assess the authors’ conclusions, assumptions, and 
predictions, however, some statements can be made regarding the 
prior claim. 

The major focus is on tables of “risk” of cancer from each common 
examination. In other words, given a “common” diagnostic x-ray 
examination, a specific age, Known machine output, and predeter- 
mined beam quality, a value is presented that the authors clalm is 
the number of excess cancers per milion examinations and, by 
conversion, the increased likelihood of an individual developing cancer 
from such an exam. Allied chapters explain how to use the risk tables, 
how the tables were derived, and how to modify the values when 
prevailing conditions differ from those assumed in the table. Other 
areas of the book detall the assumptions, generalizations, and back- 
ground data that were used to create the tables. Parentheticaly, 
much of the data is derived from an eariler work, Radiation and 
Human Health. There was relatively litte discussion and no quantia- 
tive information on the other known health effects of radiation, 
however, there is Information on the risk of death due to contrast 
media reactions, “low cost” ways to reduce radiation doses, and an 
interesting philosophical discussion of relations between the concept 
of human rights and responsibilites and governmental regulations. 

While this book Is weil written and logical, its claims are seriously 


overstated. The idea that this book is easy to use is relative. Unless 
one is comfortable with large tables of numbers. and is facile with 
ratios and interpolations one might easily feel intimidated. Additionally, 
the concept that an acutely If patient will stop to bok up values and 
determine whether to participate in a particular x-ay examination is 
dubious. Further while the risk number derived maght be thoroughly 
understood by a statistician, a gambler, or a radletion scientist, it is 
virtually meaningless to a worrted parent. The book might have 
become more useful if a table of common risks were included for 
comparison. Although the authors did mention a risk of developing 
cancer of one in four, similar values would be useful for such risks as 
smoking, nitrites, high fat diets, saccarin, alr poltution, DDT, PVCs, 
and so forth. 

From a radiologist’s point of view this book represents a well 
organized and concise attempt to quantify the- cancer risk from 
diagnostic x-ray exposures by age, gender, orgart. and examination. 
As such, it is a useful starting point for comparisons. But because 
much of the dosimetry information is taken from mathematical mod- 
eing, because the assumption is made that cencer incidence-to- 
mortality ratios are stable, and because other miscellaneous “simpli- 
fications and assumptions” are made, the risks stated must be 
regarded as logical and reasonable opinion, not scientific fact. 

David S. Martin 
14603 Big Timber Lane 
Ches-erfield, MO 63017 


Lung Cancer. Diagnostic Procedures and Therapeutic Management with Special Reference to Radiotherapy. 
Edited by Charles W. Scarantino. Berlin: Springer-Verlag, 173 pp., 1985. $39.50 


In this attractive 20 x 27 cm volume the editor and contributing 
authors have organized the text into eight excellent and very Inform- 
ative sections. They are: Epidemiology of Lung Cancer; Approach to 
the Patient with Lung Cancer; Lung Cancer: Considerations Related 
to Gross Anatomy; Pathologic Aspects of Lung Cancer, Diagnostic 
Workup; Radiation Therapy in Cancer of the Lung; Results of Clinical 
Trials and Basis for Future Therapeutics; and Redefining Clinical 
Research. 

The text is well written and highly informative. The numerous 
Hlustrations range from good to excellent and Include treatment field 
drawings, conventional radiographs, computed tomographic sec- 
tions, and graphs. Each chapter contains abundant and, in many 
cases, reidtively current references. 


Authors represent the fields of radiology, pethology, radiation 
oncology, surgery, and medicine and this book should prove of 
interest to those In disciplines that participate In the management of 
the patient with bronchogenic carcinoma. | enjoyed reading the text 
and studying the iHustrations and was pleased to ‘ind this material in 
a single volume for easy reference. 


Ferris J. Siber 

Harverd Medical School 

New England Life Insurance Co. 
Soston, MA 02117 
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Renal Sonography in the 
Differentiation of Upper from 
Lower Urinary Tract Infection 





increase in renal volume and asymmetry in kidney size determined by sonography 
proved to be a valuable diagnostic criterion for differentiation between infections of the 
upper and lower urinary tract in 175 children: acute bacterial interstitial nephritis (79) 
and lower urinary tract infection (96). Kidney volume in acute pyelonephritis increased 
to an average of 175% of normal. In 71% of cases, affected kidneys showed an 
enlargement of at least 2 SD when compared with a group of 325 children without kidney 
pathology. Most impressive kidney enlargement was seen during the first year of life. 
in 50% of cases, acute pyelonephritis caused a bilateral increase in renal size and/or 
distinct volume asymmetry. Kidneys of patients with lower urinary tract infections had a 
mean volume of 99.68% and a physiologic volume asymmetry comparable to normal 
kidneys. 


In urinary tract infections (UTIs), differentiation between acute bacterial interstitial 
nephritis (pyelonephritis) and lower UTI is recommended because of therapeutic 
and prognostic consequences. A detailed survey on specific criteria for localization 
of UTI of childhood is available [1]. Various diagnostic approaches used in level 
diagnosis, such as Clinical history, physical examination, and laboratory data 
including urine and blood analysis, are often inconclusive [2]. More specified 
examinations such as determination of antibody-coated bacteria in the urine or 
evidence of serum antibodies against bacteria are time-consuming and need special 
laboratory facilities. Ureteral catheterization, bladder washout test, or gallium scans 
(3, 4] contribute to localization of UTI, but because of their time-consuming and 
partly invasive character, they cannot and should not be used routinely [1, 2} 

Diagnosis of localized inflammatory pathology of the kidney, such as renal 
carbuncle, perinephritic abscess, or obstructive uropathy with pyonephrosis, is 
easily established by sonography [5-10]. However, in diffuse inflammatory altera- 
tion of the kidney without gross changes in renal architecture, such as pyelone- 
phritis, sonographic findings are less conclusive. Reports on small samplings of 
patients with acute pyelonephritis describe certain morphologic changes, and 
sometimes an increase in renal volume is mentioned [11-14]. Most of these 
findings, such as decrease in parenchymal echogenicity, increase in the parenchy- 
mal/central echo complex ratio, loss of corticomedullary border, and indistinct 
delineation between parenchyma and central echo complex, are variable, depend 
on subjective judgment, and are not pathognomonic. 

Our own Clinical experience gives less priority to these morphologic changes of 
the echo pattern in differentiating between UTI with and without kidney alteration. 
Observations of kidney enlargement in acute pyelonephritis in pathologic-anatomic 
(15, 16] and radiological [9, 17-20] studies raised the question whether the 
determination of the renal volume compared with standardized normal values is 
useful for differentiating upper from lower UTI. 
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Fig. 2.—Sonographic growth charts for kidney volume. Volumes of left (A) 
and right (B) kidneys are correlated to body weight. The 95% regions of 
tolerance are determined by statistical analysis compiled from 325 children. 
There is only a slight difference between left and right kidneys. Correlation 


Subjects and Methods 


A total of 175 children were examined: 136 girls and 39 boys from 
1 month to 15 years of age and between 3 and 53 kg body weight. 
All patients had UTI but were free from other obvious disease. 

Upper and lower UTIs—colony counts > 100,000 bacteria/m| and 
leukocytes >50/ml in fresh urine specimens obtained by suprapubic 
bladder puncture—were differentiated according to clinical and lab- 
oratory criteria. Diagnostic parameters for acute pyelonephritis were 
flank pain, body temperature >38.5°C, white blood cell count 
>12,000/mm‘%, erythrocyte sedimentation rate >20 mm/hr, serum C- 
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Fig. 1.—Sonographic renal biometry. 
Outer surface diameters of kidney (arrow- 
heads) are scanned in standardized lon- 
gitudinal (A) and transverse (B) planes. 
Renal volume is caiculated using volume 
formula for ellipsoid: kidney volume = 
length x width x [(depth 1 + depth 2)/2] 
x 0.523 cm°. Length = maximum bipolar 
kidney length; width = maximum width in 
kidney hilar region; depth 1 is on longitu- 
dinal section; depth 2 is on transverse 
section. 
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coefficient is 0.971 for left and 0.968 for right kidney Regression line and 
tolerance limits were computed after logarithmic transformation of volume and 
body weight and then retransformed. Left kidney = y = 4.214 x x°®3- right 
kidney = y = 4.456 x x°’*°. (Modified from [23].) 


reactive protein (CRP) >20 mg/L, or leukocyte casts in urinalysis. 
Patients were judged for lower UTI when laboratory data were not 
indicative of parenchymal inflammation, that is especially CRP < 10 
mg/L. Data from different studies support that elevated serum CRP 
levels are useful for discrimination between upper and lower UTI in 
patients with distinct clinical signs of acute pyelonephritis 
[1, 3, 21, 22]. 

Patients whose data were equivocal were ruled out. Patients with 
chronic recurrent pyelonephritis (being diagnosed after at least three 
proven acute stages of pyelonephritis) were also excluded. The 
postacute stage was defined by normalization of clinical and labora- 
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TABLE 1: Correlation of Renal Volume to Body Weight for Right 
and LeftKidneys 





Right Kidney Volume (ml) Left Kidney Volume (ml) 


Body 

Wei = we ego «ee tee 

Sn 92 13.8 6.2 9.0 13.4 6.0 

at) ae 16.0 23.9 10:7 15.9 23.6 10.6 

75... 22.1 32.9 14.8 22.1 33.0 14.6 
10.0 _. 27.8 41.4 18.7 28.0 41.8 18.8 
TAS- 33.2 49.4 22-3 33.7 50.2 22.6 
T9 oa 38.4 57.1 25.8 39.1 58.3 26.3 
20 , 48.2 71.8 32.4 49.6 73.8 33.3 
25. 57.6 85.7 38.7 59.6 88.7 40.0 
OP ow ax 66.6 99.1 44.7 69.2 103.1 46.5 
35 75.2 112.1 50.5 78.6 147.4 52.8 
40 83.7 124.6 56.2 87.7 130.7 58.9 
45 91.9 136.8 61.7 96.7 144.0 64.9 
50 -aoa 99.9 148.7 67.1 105.4 157.1 TOT 
55 107.8 160.6 TAS 114.0 169.9 76.5 
60 115.5 172.1 77.5 122.5 182.6 82.2 
65 123.1 183.5 82.6 130.8 195.0 87.8 
70 130.6 194.6 87.6 139.1 207.3 93.3 





Note.—fegression line (mean) and upper and lower limits are calculated by statistical 
analysis compiled from 325 children. These 95% regions of tolerance include with a 
confidence ef 95% at least 95% of all kidneys. The range covers about 2.5 SD. 
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Fig. 3.—Distribution of renal volume compared with normal kidney size in 
patients with acute pyelonephritis (n = 51, shaded columns) and lower UTI (n 
= 57, white columns). 


tory, especially urinary, criteria indicative of an acute UTI. These 
patients were usually examined during recovery from an acute UTI 
5-10 days after onset of therapy. 

On the basis of these criteria the 175 children examined could be 
classified in two groups of UTI: 79 children suffered from acute 
pyelonephritis (acute stage, 51, postacute stage, 28); 96 children had 
lower UT's (acute stage, 57, postacute stage, 39). Patients with 
obstructive uropathy diagnosed either by sonography or by excretory 
urography were ruled out of this study. The sonographer did not 
know whether the child was suffering from upper or lower UTI. 

The sonographic examinations were performed with a 3.5 MHz 
mechanical sector scanner (Combison 100, Kretz Company, Zipf, 
Austria) equipped with a freeze frame, calibration setting, and water 
display. The children were examined in a prone position, and lumbar 
lordosis was compensated by application of a pillow below the upper 
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abdomen. Measurements of kidney size were made in the maximum 
longitudinal and transverse planes, both of which were identified 
visually. The renal long axis is usually seen opened caudally to the 
median body plane at an angle of 10°. The transverse section was 
defined in the kidney hilar region at a right angle to the longitudinal 
kidney axis. The planes were frozen on the screen, and the major 
and minor kidney axes such as bipolar kidney length, width, and 
depth were measured (fig. 1). The absolute volume of the kidney was 
calculated from kidney surface diameters using the volume formula 
for an ellipsoid (fig. 1). 

Growth charts for normal kidneys in childhood (fig. 2) and data 
about physiologic scattering of kidney volumes were the prerequisite 
for interpretation of our data from children with UTI (table 1). These 
growth charts were determined in 325 children: 188 boys and 137 
girls aged 3 days to 16 years; body weight ranged from 1.8 to 73.8 
kg [23]. Absence of renal disease was proven. Morphometric 
kidney data were related to somatic parameters such as body weight. 
Statistical analysis was performed on a Honeywell Bull 66/80 com- 
puter system. Body weight and kidney volume were transformed by 
logarithm, yielding a power function as a regressing curve for the 
original data. Tolerance limits of 95% for linearly correlating variables 
were computed by standard methods using the tables of Weissberg 
and Beatty [24]. With a confidence of 95%, at least 95% of all kidneys 
can be expected to scatter within the given range. 

The absolute kidney volumes obtained were compared with the 
average kidney volume for healthy children of corresponding body 
weights (table 1). The average absolute kidney volume of a distinct 
body weight of such a normal group is defined as 100%. Differences 
between this average volume and the volume of a single patient's 
kidney are expressed in percentages of the absolute average kidney 
volume. 


Results 
Acute Pyelonephritis 


All kidneys with acute pyelonephritis showed a marked 
increase in size with a mean average volume of 175.8% (fig. 
3). Increase in renal volume was caused by parenchymal 
thickening and not by an enlarged central echo complex (fig. 
4). Kidney anteroposterior diameter, width, and length all 
contributed in a similar degree to the increase in volume. Only 
one kidney was smaller than 120%; 39 (76%) of 51 patients 
had at least one kidney volume of more than 140% of normal 
(fig. 3, table 2). During the first year of life, infants showed a 
higher percentage (64%) of bilateral enlargement. In 15 pa- 
tients 1-5 years of age there was equivocal bilateral or 
unilateral involvement, and six of 10 patients older than 5 
years showed mainly unilateral enlargement and only one 
kidney exceeded 140% in size. 

Kidney asymmetry was diagnosed if the difference in the 
volume of a kidney pair was more than 20%. In acute pyelo- 
nephritis, asymmetry was present in 49%; volume difference 
of more than 40% occurred in 33% of these patients. Mean 
volume difference was 30.2%. Frequency of renal asymmetry 
in the postacute stage in kidneys with previous acute-stage 
disease was 25% thus similar to that of normal kidneys. 

Follow-up studies in patients with acute pyelonephritis were 
documented over a period of 4 weeks (fig. 5) Repeat exami- 
nations at various intervals after onset of antibiotic therapy 
revealed a reduction in kidney volume of 20%-45% within 6- 
8 days and up to 60% within 2 weeks. 
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Fig. 5.—Follow-up of renal volume in acute pyelonephritis (n = 29). Initially 
determined kidney volume is defined as 100%. Decrease in kidney size under 
antibiotic therapy is monitored. 


Sixteen of 51 patients with acute-stage pyelonephritis and 
21 of 57 patients with acute-stage lower UTI were reexamined 
within 3-9 months after the initial diagnosis. Kidney volumes 
of both groups, irrespective of the heterogeneous time inter- 
vals, all scattered within the physiologic range of kidney size. 
We could not detect any morphologic change by sonography 
in these reevaluated children; excretory urography was not 
repeated routinely. 


Lower UTI 


In lower UTI the number of pathologic kidney sizes and the 
very pattern of measurement distribution in the acute stage 
did not differ from those in reconvalescent patients in the 
postacute stage. Mean volume of the larger kidney in the 
acute stage of lower UTI was 99.7% of normal and in the 
postacute stage was 102.5%. Kidneys exceeded 120% in 
17.6%, but only one kidney had a volume of more than 140% 
(fig. 3, table 2). The mean volume difference was 12.3%; only 
one kidney pair showed a difference in volume of more than 
40%. 

Statistical differences between the different groups of UTI 
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Fig. 4.—Acute pyelonephritis in 8- 
year-old boy. A, Most cases of acute- 
stage pyelonephritis do not have such a 
pronounced decrease in parenchymal 
echogenicity. B, Foliow-up examination 5 
days after onset of antibiotic treatment. 
Decrease in renal size from 170% to 93% 
of normal. 


TABLE 2: Incidence of Pathologic Increase in Renal Size and 
Volume Difference in Acute-Stage Pyelonephritis and Lower 
Urinary Tract Infection (UTI) 

FES EE SE OE ST TAT SE eS Se SE 


Volume of No. of Patients (%) 











Larger Difference 
Kidney sid acl Pyelonephritis Lower UTI 
>140% >40% 15 (29) 0 
<40% 24 (47) 1 (2) 
<140% >40% 2 (4) 1 (2) 
<40% 10 (20) 55 (96) 
WOM 2.0% va tenn e ass Ba. 51 (100) 57 (100) 
>120% . >20% 25 (49) 7 (12) 
<20% 25 (49) 3 (5) 
<120%...... >20% 0 7 (12) 
<20% 1 (2) 40 (70) 
Total ..... .. 51 (100) 57 (100) 


Note.—Percentages of volume of the larger kidney and the differences in volume between 
left and right kidneys are given in percentages of normal. Percentages of patients were 
rounded and therefore do not add up to 100% 


were tested by the nonparametric group comparison test 
Mann Whitney (p < 0.01 was indicative for significant differ- 
ences). 


Discussion 


Sonographic anatomic comparison and double examina- 
tions by different examiners have shown reliable results in 
renal biometry. Normal kidney growth charts (fig. 2) have 
been established in 325 children without kidney disease 
[23]. Of all kidney volumes, 55% came within a range of 100% 
+ 10%, whereas 85% were scattered within the broader 
range of 100% + 20% of normal renal size. Only 4% of 
healthy children exceeded 140% of normal renal size, and 
more than 80% of all nondiseased kidney pairs differed less 
than 20% in volume as between the left and the right kidney 
[23]. Correlation to these normal values made the morpho- 
metric data applicable for interindividual comparison irrespec- 
tive of patient age or individual kidney size. 

In the phase of acute pyelonephritis 76% of the kidneys 
had a volume exceeding 140% of normal; mean volume was 
175%. Increase in renal size was most pronounced, up to 
300%, in infants and toddlers. Comparable moderate or even 
severe increase in size—sometimes up to the threefold kidney 
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TABLE 3: Analysis of Sensitivity, Specificity, and Predictive 
Value of Renal Biometry in Diagnosis of Acute Upper Urinary 
Tract Infection 








Volume Sensitivity Specificity Predictive Value (%) 

f i EE 
Po mato natio Positive Negative 
Kidney (%) (%) Test Test 

>120% 50/51 (98) 47/57 (82) 50/60 (83) 47/48 (98) 
>130% 45/51 (88) 53/57 (93) 45/49 (92) 53/59 (90) 
>140% 39/51 (76) 56/57 (98) 39/40 (98) 56/68 (82) 


Note.—Increase of volume of lager kidney was chosen as sonographic criterion. 
Sensitivity= probability of a positive finding in a patient with acute pyelonephritis; specificity 
= prebability of a negative finding in a patient without acute pyelonephritis, that is, with 
acute lower UTI; predictive value of positive test = percentage of patients with positive test 
results who have acut2 pyelonephritis; predictive value of negative test = percentage of 
patients with negative test results who have acute lower UTI; acute pyelonephritis (n = 51); 
acute lower UTI (n = 57). 


weight—due to inflammatory infiltration and especially to 
parencaymal edema has been shown in pathologic-anatomic 
kidney studies [15, 16]. Fenal volume in patients with lower 
UTI is 99.7% and thus corresponds to the physiologic range 
of normal children. 

Sensitivity, specificity, and predictive value of renal volume 
biometry in differentiation of acute upper from lower UTI varied 
in our study population according to whether a volume in- 
crease of 120%, 130%, or 140% of the larger kidney were 
chosen as the critical value (table 3). Whenever renal mor- 
phometry revealed at least 140% of normal, specificity for 
acute upper UTI was 98% and sensitivity was 76%. In con- 
trast, however, a cutoff point of 120% increased sensitivity 
to 98% but was burdenec by a specificity of only 82% (table 
3). A kidney volume of 129%-130% is recommended as the 
differentiating criterion. This takes into account a certain 
number of false predictions of pyelonephritis in patients who 
have iselated lower UTI (table 3). This is preferable to missing 
an acute pyelonephritis wth the resulting delay in adequate 
antibiotic treatment. Nevertheless, further diagnostic and ther- 
apeuticcconsequences should be based on clinical, laboratory, 
and sonographic findings as well. 

Uni- er bilateral renal eqlargement is the most important 
hint for pyelonephritis whether or not renal asymmetry is 
present. Intraindividual diferences in renal volume in pyelo- 
nephritis average 30.2%, with a range of 0% (in case of 
bilateral enlargement) to double renal volume in unilateral 
disease. In lower UTI the average volume difference is 12.3%, 
which corresponds to normal children. Renal asymmetry is 
only of additional diagnostic value for those patients with 
minor kidney enlargement (table 2). In these cases volume 
differences above normal may be from unilateral pyelonephri- 
tis, but other reasons for the smaller kidney volume, e.g., 
dysplasia or renal scarring from reflux nephropathy, must be 
ruled out by further investigations. 

The follow-up study of patients with acute pyelonephritis 
indicates a time-dependert volume decrease after onset of 
therapy: it can be expected to take at least 4-6 days until 
almost complete normalization of kidney volume is found. 
This decrease in size is important confirmative evidence of 
the initial diagnosis, and follow-up is therefore recommended 
as routine for all patients when acute pyelonephritis is consid- 
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ered. When renal size decrease does not occur it might cast 
doubt on the validity of the original diagnosis. Further narrow- 
meshed studies of acute-stage pyelonephritis will show the 
precise course and time dependency of the volume normali- 
zation. 

In excretory urography of acute pyelonephritis a renal vol- 
ume increase has only been reported in a relatively small 
percentage, as 72%-76% of excretory urograms have been 
reported to be normal [19, 20, 25]. This may be explained by 
two facts. As our study indicates, kidney size determination 
must be performed before the onset of therapy, because even 
a delay of 48 hr will result in volume reduction. However, 
most excretory urograms are usually obtained after therapy 
has already started. Furthermore, the parameter usually 
checked radiologically for kidney size is the kidney length, but 
this represents only one volume dimension. A 12% increase 
in each of the three outer kidney diameters may result in a 
volume increase of 40%. Thus, single measurements, such 
as kidney length, may still range within the normogram, but 
the kidney volume of 140% already falls within a pathologic 
range. 

Renal sonography should be performed in all patients with 
proven UTI. Underlying pathology such as obstructive uropa- 
thy can be ruled out easily. At the same time biometric data 
will provide further aid in differentiating between bacterial 
interstitial nephritis and isolated lower urinary tract infection. 
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CT Scanning in Patients with 
Opsomyoclonus: Importance of 
Nonenhanced Scan 





Children with neuroblastoma presenting with opsomyocionus are a diagnostic di- 
lemma; they may not have a palpable mass or elevated urine catecholamines amd the 
neurologic manifestation often precedes the discovery of a primary tumor by several 
months. The delay in diagnosis probably reflects the difficulty in detecting small lesions. 
Even with high-resolution computed tomography (CT), difficulty was recently experi- 
enced in identifying small retroperitoneal lesions in three patients who presented with 
opsomyocionus. Calcifications in these small neoplasms resembled contrast material 
within adjacent small-bowel loops that were not discernible until additional, unenhanced 
scans were obtained. It is recommended that the initial CT evaluation in patients 
presenting with opsomyoclonus be performed without bowel or intravenous contrast 
enhancement. 


The neurologic manifestations of neuroblastoma, shocklike involuntary nove- 
ments of muscles (myoclonus) and chaotic, jerky eye movement (opsoclionus), as 
initial presentation are rare, occurring in about 2% of patients with neuroblastoma 
(1, 2]. Only 50% of children presenting with opsomyoclonus are found to have the 
occult neoplasm, and in some the neurologic presentation may precece the 
discovery of the primary malignancy by several months [3-5]. A vigorous and 
thorough evaluation must be performed before the child can be deemed tumor- 
free. Spontaneous regression of neuroblastoma by different mechanisms 5 well 
recognized [6]. It has been cautiously suggested that of the 50% of patients with 
opsomyoclonus not found to have neuroblastoma, some may represent missed 
diagnoses that later underwent spontaneous regression [6]. The use of CT as the 
most sensitive imaging modality in the diagnosis of occult neuroblastoma is widely 
accepted [5, 7]. We describe our difficulty with three patients and propose a 
different approach using CT. 


Materials and Methods 


During a 12 month period from July 1984 to June 1985 three patients who presented to 
the Children’s Hospital of Los Angeles with opsomyocionus were evaluated with a GE 9800 
CT scanner. Gastrografin (Squibb) 2% was given orally beginning 90 min before scanning. A 
bolus of Renografin 60 (Squibb) 2 ml/kg was injected intravenously, and dynamic scans with 
1 cm slice thickness were obtained through the abdomen, pelvis, and, lastly, the chest. 
Because of indeterminate findings in all three patients, additional scans were obtained 1-2 
days later with no additional intravenous or oral contrast material given. 


Results 


Small retroperitoneal masses measuring 1.5 x 1.5 cm (fig. 1B), 1.5 x ¢.0 cm 
(fig. 2B), and 2 x 2 cm in size were found in all three patients. Calcifications were 
present in all three and were easily detected on the delayed scans. The lesions 
were all confirmed at surgery, the larger two being neuroblastomas and the,smallest 
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Fig. 1.—12-m )nth-old girl with opso- 
myoclonus. A, CT image after intrave- 
nous and oral cortrast enhancement. No 
definite abnormalty. B, Unenhanced scan 
1 day later. Smal paraaortic, partly calci- 
fied mass (arrow’ was initially suspected 
to be contrast-filled bowel loop. 


Fig. 2.—14-menth-oid girl with opso- 
myoclonus. A, *ostenhancement CT 
scan. No definitive abnormality. B, 2 days 
later. Small midline calcified neuro- 
blastoma (arrows . 
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a ganglioneuroblastoma. Resection did not yield clean surgical 
margins in any of the patients because of the close proximity 
to major vascular structures. All patients are currently 
undergoing appropriate therapy and being followed Clinically. 


Discussion 


Abdominal calcification ooserved on CT in children is un- 
common. When detected curing a search for occult neuro- 
blastoma it should direct attention toward even the smallest 
mass. Without calcification, the paraspinal location and small 
size of the tumors are such that they may be missed on both 
enhanced and nonenhanced scans; admittedly 35% of neu- 
roblastomas contain no calcification [7]. 

Complete bowel opacification and bolus intravenous con- 
trast enhancement are usually necessary in pediatric CT 
imaging to best differentiate normal from abnormal structures. 
Rarely is too much contras: material a problem. In our three 
patients with neuroblastomas, the small calcifications resem- 
bied opacified bowel loops (figs. 1A and 2A) and were not 
clearly detected until nonennanced scans were subsequently 
obtained (figs. 1B and 2B). Had nonenhanced scans been 
obtained first in these thre2 patients, the calcifications and 
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small masses would have been readily detected, no additional 
scanning would have been necessary, and the diagnoses 
would have been obtained sooner. We believe that the initial 
CT evaluation in patients with opsomyocionus should be 
performed without oral or intravenous contrast enhancement. 
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Embolization of an Intraosseous Arteriovenous 


Malformation 


Paul A. Nancarrow,' James E. Lock,” and Kenneth E. Fellows | 


Primary intraosseous arteriovenous malformations are rare. 
Transcatheter embolization of vascular malformations has 
emergec as an important preoperative step in their surgical 
management and can be used as definitive treatment for 
some patients [1-4]. With the exception of the mandible, 
long-term successful embolic management of intraosseous 
malformations has not been described. Gelfoam embolization 
of a tibial intraosseous arteriovenous malformation has been 
reported, but severe postpocedural pain and early revascu- 
larization of the malformation occurred [5]. We describe suc- 
cessful embolic therapy of a femoral intraosseous arteriove- 
nous malformation with a combination of coils and Avitene, 
which lead to healing of the involved bone over 6 months. 


Case Report 


A 9-year-old girl was first evaluated at the age of 2 years for 
patchy erythema of the right leg. A radiograph of the right femur 
showed an enlarged nutrient canal ending in a small osteolytic focus. 
An angiogram confirmed the presence of an intraosseous arteriove- 
nous malformation and several small malformations in the distal soft 
tissues. The patient was treated for leg-length discrepancy but was 
otherwise asymptomatic. 

A radiograph obtained at age 9 years showed progressive enlarge- 
ment of the femoral lytic lesion (fig. 1A). A bruit audible over the right 
thigh couid be obliterated with pressure over the femoral artery. A 
digital subtraction angiogram demonstrated a large feeding artery 
(nutrient artery of the femur) and large draining veins (fig. 1B). Embolic 
therapy was then recommended. A dynamic bone scan showed 
intense (arterial phase) activity in the right thigh. Blood pool and 
delayed static images showed slightly increased uptake in the right 
lower extremity diffusely, but anly minimal focal accumulation where 
the activity had been identified during the arterial phase. 

The right deep femoral artery was catheterized selectively with a 
7-French balloon-tipped catheter, which was then advanced into the 
hypertrophied femoral nutrient artery via the third perforating branch. 
A separate balloon wedge catheter was placed in the right common 
iliac vein and inflated during arterial embolization to afford venous 
occlusion and slow transit through the osseous arteriovenous mal- 
formation. Arterial test injecticns with arterial and venous balloon 
occlusion were made to estimate the volume of the lesion. The 


femoral nutrient artery communicated with a venous lake (volume: 
3.5 ml), which then drained into several large, cranially directed veins 
(fig. 1B). An 8-mm coil was deposited in the venous lake initially to 
further slow flow through the lesion. Additional test injections con- 
firmed this effect. A 3.5-ml slurry consisting of Avitene (microfibrillar 
collagen), saline, and contrast material was then injected and allowed 
to solidify for 10 min during both arterial inflow and venous outflow 
balloon occlusion. After balloon deflation, there was only minimal 
residual contrast blush with the lytic osseous focus still readily 
evident. A 5-mm coil was deposited finally in the nutrient artery 
proximal to the Avitene. An injection of contrast medium into the 
proximal deep femoral artery documented cessation of flow through 
the arteriovenous fistula. 

One hour after embolization, the patient developed vague right 
knee pain. Two doses of parenteral narcotic analgesics were admin- 
istered over 8 hr. A maximum temperature of 38°C was recorded 9 
hr after the procedure. The patient was discharged less than 24 hr 
after embolization, afebrile but on oral analgesics for mild residual 
knee pain. There was no bruit and no flow could be demonstrated 
through the arteriovenous malformation by dynamic flow scan. 

A plain film of the right femur 6 months after embolization showed 
complete healing of the osteolytic defect (fig. 1C). A follow-up digital 
subtraction angiogram showed no evidence of recanalization or re- 
constitution of flow (fig. 1D). The patient is now asymptomatic and 
has resumed full activities. 


Discussion 


Total surgical resection is generally considered the optimal 
therapy of arteriovenous malformations because of their tend- 
ency to expand and recur with time. Usually only the smallest 
and most circumscribed lesions are amenable to embolization 
therapy. 

Transcatheter embolization techniques have been used in 
the preoperative or nonoperative management of arteriove- 
nous connections occurring in soft tissues, in benign bone 
tumors, and in primary vascular malformations of the mandible 
[2-4]. There are, however, no reports of successful manage- 
ment of vascular malformations in long bones by embolic 
techniques. A previous report of Gelfoam embolization in a 
primary intraosseous arteriovenous malformation of the tibia 
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Fig. 1.—A, Right femur at age 9 years. Large osteolytic focus and enlarged 
vascular Channel (arrowheads) B, Digital subtraction angiogram. Right femoral 
arteriovenous malformation is supplied by enlarged nutrient artery and is 
drained by several veins. SFA = superficial femoral artery; DFA = deep femoral 


described severe pain after the procedure and early revas- 
cularization of the lesion. Revascularization was attributed to 
the choice of embolic material; Gelfoam particles are too large 
to occlude all of the small vessels encountered in the core of 
the congenital arteriovenous connection [5]. 

In planning the transcatheter management of our case, the 
embolic agent and injection technique were chosen to pene- 
trate the fistulous connection within the malformation, occlude 
the arterial supply, and minimize transit through the lesion. 
Avitene (microfibrillar collagen) was selected because it con- 
tains particles as small as 200 um [6]. Balloon occlusion of 
the common femoral vein and the nutrient artery was used 
during injection of the Avitene to minimize loss of material 
through the lesion and to prevent reflux of the material into 
other arteries. A coil was deposited in the venous component 
of the malformation before the Avitene injection, also to slow 
flow through the lesion. A final, smaller coil was deposited in 
the feeding artery after the embolization to promote long-term 
occlusion with a coil-Avitene-coil sandwich effect. 
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SFA 


DFA 





artery, NA = nutrient artery; VL = venous lake; V = draining veins. C, Right 
femur, 6 months after embolization. Osteolytic focus around coil has healed. 
D, Repeat digital subtraction angiogram, 6 months after embolization. No 
evidence of recanalization. 
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Solitary Ileal Arteriovenous Malformation: Preoperative 
Localization by Coil Embolization 


K. Kandarpa,' K. E. Fellows,’ A Eraklis,° and A. Flores* 


Visceral angiography is valuable in the preoperative diag- 
nosis of congenital small bowel arteriovenous malformations 
[1-5]. Small bowel arteriovenous malformations are difficult 
to localize intraoperatively, even with a prior arteriogram as a 
guide [1]. Several localizing methods have been proposed in 
addition to palpation and transillumination. Among these are: 
(1) direct injection of methylene blue into the proximal superior 
mesenteric artery to look for rapid clearing [1] within the 
arteriovenous malformation, (2) selective mesenteric venous 
pressure and PO» measurements [2], (3) intraoperative Dop- 
pler ultrasound examination [3, 4], and (4) superselective 
percutaneous catheter placement with intraoperative injection 
of methylene blue to stain the involved segment of small 
bowel [5]. All of these methods have distinct advantages and 
disadvantages, and none is error proof. 

We have recently aidec intraoperative localization of an 
isolated ileal arteriovenous malformation in a child by coil 
embolization of a feeding vessel. This was used because 
other methods had failed previously. The coil facilitated pal- 
pation of the segmental mesenteric artery and resection of 
the subserved bowel contzining the arteriovenous malforma- 
tion. 


Case Report 


A 28-month-old girl had progressive pallor over a 1-month period. 
No history of gastrointestinal bleeding was elicited, but she did have 
guaiac-pasitive stools and a hematocrit of 17.5% (compared to 40% 
1 year earlier). Upper gastrointestinal endoscopy and a barium ex- 
amination were normal. A barium enema was negative, but a Meckel 
scan was positive. She underwent a laparotomy, but no Meckel 
diverticulum was present and 10 other abnormality could be seen or 
palpated. 

During follow-up visits she continued to have guaiac-positive stools 
and decreasing hematocrits. She was readmitted at 30 months of 
age for arteriography. The superior mesenteric arteriogram showed 
a hypervascular, densely staining, round (1.5 cm) mass supplied by 
distal ileal branches (fig. 1A). In the venous phase there was a large 


draining vein. The rest of the bowel was normal, and a diagnosis of 
congenital, isolated, small bowel arteriovenous malformation was 
considered likely. Angiographic embolization was not attempted be- 
cause of the risk of bowel necrosis. Instead, a 5-French catheter was 
advanced to the furthest possible peripheral location and the patient 
transferred to the operating room. Surgical exposure of the bowel 
was complicated by adhesions resulting from the prior laparotomy. 
After adequate exposure, 1 ml of methylene blue was injected via the 
transfemoral catheter. About 20 cm of blue-stained bowel was re- 
sected. However, the surgical specimen was normal. Apparently the 
catheter dislodged during the extensive surgical dissection, slipping 
into the wrong ileal branch. 

The patient was readmitted at age 33 months for another at- 
tempt at combined angiographic localization and surgery. The same 
lesion was easily found angiographically and had grown. This time a 
5-French transfemoral catheter was advanced as peripherally as 
possible and a single 3-mm (0.038-inch diameter) Gianturco coil was 
placed in a distal supplying branch (fig. 1B). The patient was then 
immediately transferred to the operating room. After multiple adhe- 
sions again were lysed, the embolized mesenteric vessel was easily 
palpated and the corresponding ileal segment resected. Gross ex- 
amination of the resected ileum showed a polypoid intraluminal lesion 
(fig. 1C). Microscopic examination by the pathologist confirmed a 
polypoid vascular malformation predominantly composed of eapillar- 
ies. The patient had an uncomplicated recuperative Course and has 
had normal hematocrits and guaiac-negative stools. 


Discussion 


This case highlights some of the problems encountered 
with localizing an arteriovenous malformation of the small 
bowel, namely lack of visual or tactile clues during surgery, 
and the problem of dislodgement of a preoperatively posi- 
tioned catheter or guide wire during surgical manipulation. 
The use of a coil embolus to localize an arteriovenous mal- 
formation for the surgeon has the following advantages: (1) it 
avoids the need for a coaxial catheter system [5], which may 
be particularly difficult to use in children in whom the catheters 
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A B 


Fig. 1.—A, Arterial phase of superior mesenteric arteriogram. Round, hy- 
pervascular, densely staining mass (arrow) supplied by distal ileal branches. 
Early draining vein (not shown) was seen, and diagnosis of small bowel 
arteriovenous malformation was suggested. B, Photographic magnification of 
selective arteriogram of branch of superior mesenteric artery identifies coil 


are already small, (2) the coil remains as a mesenteric vessel 
marker even if the catheter becomes dislodged during bowel 
mobilization, and (3) extensive correlation with the angiogram 
is unnecessary. 

Several precautions are necessary before the use of this 
technique: (1) the procedure is intended to provide a marker 
for the surgeon and is not therapeutic in itself, (2) in order to 
avoid complications of bowel necrosis and gangrene, the 
procedure should be performed no more than 1-2 hr before 
surgery, and (3) the catheter must be advanced well into the 
feeding vessel and a confirmatory angiogram must be ob- 
tained before embolization. The latter point is important be- 
Cause a noninvolved vessel must not be embolized and the 
coil must be placed distally to minimize the possibility of it 
embolizing to other noninvolved vessels during Surgical ma- 
nipulation. In this regard, the surgeon must be careful as well. 
Although it is difficult to predict preoperatively, the technique 
should perhaps be reserved for those cases in which it is 
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embolus (arrow) and shows that small bowel lesion is ao longer perfused. C, 
Gross specimen photograph shows polypoid intraluminal lesion (arrowheads) 
which was confirmed to be vascular malformation composed primarily of 
Capillaries. 


believed that the catheter will not remain in position during 
Surgical manipulation before methylene blue dye injection. 
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Kinked Catheters: Radiographic 
Appearance of Functionally Significant 
Bends 





Several nonangiographic catheters commonly used in children were bent and kinked, 
radiographed, and perfused at different rates to identify appearances that corresponded 
to significant alterations in flow dynamics. Radiographic signs of catheter kinking (i.e., 
focal buckling) depended on the severity of bending and the angle of the radiographic 
beam relative to the plane of the bend. One or more straight lines appeared at the site 
of buckling; catheters that were not kinked did not demonstrate straight lines. Other 
signs were distortion of the round catheter lumen and bulging of the catheter material. 
Distortions short of sharp kinking did not compromise flow except in very small catheters. 


A number of tubes and catheters, many of which remain in-dwelling for days to 
weeks, are commonly used in young patients. Most of such catheters are uniformly 
radiopaque or furnished with radiopaque stripes, permitting plain radiography to 
evaluate catheter course and location of tip and side holes. Often such tubes 
demonstrate convoluted courses (fig. 1) and regions of apparent abrupt angulation 
(fig. 2), raising the question of whether or not the physical configuration is associ- 
ated with an alteration in catheter function. Everyday experience with ordinary 
household tubes such as garden hoses suggests that kinks in a catheter might 
degrade tube function, but surprisingly little information about kinked tubes has 
been published [1]. We examined several commonly used pediatric catheters to 
determine the extent of deformation necessary to alter flow characteristics and 
identified the radiographic features of such compromised tubes. 


Materials and Methods 


The catheters investigated are listed in table 1. Graded deformations were created by hand 
and fixed in place with tape; grades of deformation were defined by the inner diameter of the 
curve created: grade 1 = 10 mm; grade 2 = 5 mm; and grade 3 = 0 mm (i.e., a complete 
kink, with opposite sides of the curve opposed). Two catheters, a 3.5-French (F) umbilical 
arterial catheter and a 7.8-F ventriculoperitoneal shunt catheter, were examined with multiple 
loops formed by wrapping them one to four times around cylindrical templates (bolts) of 7 
and 15 mm diameters. The output of a Harvard pump containing intravenous fluid (5% 
dextrose, 0.225% sodium chloride) was channeled through a Y-connector to a Pharmaseal 
manometer and the catheter being studied (fig.3). Each catheter was perfused when straight 
and then with each grade of deformation until an equilibrium pressure was achieved. The 
maximum measurable pressure was 50 cm H20. After progressive deformation to grade 3, 
each catheter was restudied at grades 2 and 1 to evaluate any residual compromise in 
performance. Each catheter configuration was radiographed parallel to the plane of the curve, 
perpendicular to the curve, and at 45° obliquity. 


Results 


The pressure increases resulting from single bends in each catheter are shown 
in table 2. At low flow rates, all catheters exhibited low or unmeasurable pressure 
d 
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Fig. 1.—Convoluted pericardial catheter. Region of apparent abrupt angu- 
lation on patient's right casts circular shadow (arrow); remaining areas of 
abrupt angulation cast oval shadows. 





Fig. 2.—Apparent abrupt angulation of medial chest tube. Triangular area 
of increased density is apparent (arrow). 


TABLE 1: Catheters Investigated 








Catheter Size (French) Composition 
Umbilical arterial catheter __. 3.5 Polyvinylchloride 
Infant feeding tube... 5.0 Polyvinylchloride 
Ventriculoperitoneal shunt 
COI! 5. 55 s50G cs ok se Red 7.8 Silastic 
Feeding tube :... . occa. pi 8.0 Polyvinylchloride 
Hickman right atrial catheter _ . 11.2 Silastic 


essences 


increases when studied prior to kinking. With the smaller 
catheters, higher flow rates were associated with small but 
definite pressure increases. With all catheters, a grade 3 bend 
(complete kink) resulted in pressures exceeding 50 cm H,O. 
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Fig. 3.—Drawing of experimental device used in this study. 


TABLE 2: Perfusion Pressures of Catheters as a Function of 
Flow Rate and Physical Deformation 


Pressure (cm H2Cs 











Deformation 
pase = E Grade 2 Grade 1 4 
oe a Straight Grade Grade Grade after after 
1 2 3 Grade Grade 
3 3 
3.5-F umbilical arterial catheter: 
1.9 1.0 1.0 0.0 SOL 0.0 0.0 
3.8 1.0 1.0 0.0 >5C 1.4 0.0 
7.6 2.0 2.0 1.8 >5C 3.2 1.8 
15.3 6.0 6.0 5.4 >5C 9.0 5.9 
38.2 15.8 16.0 15.6 >5C 202 “152 
9.0-F infant feeding tube: 
1.9 0.0 0.0 0.0 >5C 19.6 0.0 
3.8 0.0 0.0 0.0 >5C 29.4 0.0 
7.6 1.5 1.0 AS Fao 39.4 2.2 
15:3 3.3 3.2 3.4 >5C >50 5.9 
38.2 6.8 6.8 7.1 >5C >50 7:5 
7.8-F ventriculoperitoneal shunt catheter: 
1 0.0 0.0 0.0 >5C 40.6 0.0 
3.8 0.0 0.0 0.0 oe oO 2.0 
7.6 0.0 0.0 0.0 >SC >50 4.2 
15.3 0.0 0.0 0.0 >50 >50 7.8 
38.2 0.0 0.0 0.0 >50 >50 16.8 
8.0-F feeding tube: 
1.9 0.0 0.0 0.0 >50 40.6 0.0 
3.8 0.0 0.0 0.0 >50 >50 2.0 
7.6 0.0 0.0 0.0 >50 >50 4.2 
15.3 0.0 0.0 0.0 >50 >50 7.8 
38.2 0.0 0.0 0.0 >50 >50 16.8 
11.2-F Hickman right atrial catheter: 
1.9 0.0 0.0 0.0 >50 0.0 0.0 
3.8 0.0 0.0 0.0 >50 0.0 0.0 
7.6 0.0 0.0 0.0 >50 0.0 0.0 
15.3 0.0 0.0 0.0 >50 0.0 0.0 
38.2 0.0 0.0 0.0 >50 0.0 0.0 


Two catheters, the 5.0- and 8.0-F feeding tubes, exhibited 
persisting resistance when the grade 3 kirk was relaxed to a 
grade 2 bend. The remaining catheters tested were consid- 
erably more “forgiving,” especially at the lower flow rates. 

The effect of multiple loops with the smdler catheter tested 
(3.5 F) was independent of the number of loops (one to four) 
and the diameter of curvature (7 or 15 mm); each of these 
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Fig. 4. Radiographic appearances of kinked catheters. A, Kinked catheter 
with beam perpendicular to catheter’s curve. B, Same catheter viewed 
obliquely, revealing triangular area of increased density at point of angulation. 
C, Partially kinked catheter with bean parallel to catheter’s curve; oval silhou- 
ette is formed. D, Kinked catheter with beam parallel to catheter’s curve, 
demonstrating straight-line termination and bulging of catheter material at point 
of deformation. 


configurations produced a pressure of 15 cm H20. A pressure 
rise was noted only when a partial kink (i.e., a focal defor- 
mation of the catheter material short of the catheter doubling 
back on itself) was introduced. A larger catheter (7.8 F) 
produced no measurable pressure rise as a function of num- 
ber of loops or diameter of curvature; as with the smaller 
tube, pressure increased only when a partial kink was intro- 
duced. 

Partial kinks occurred during formation of the grade 2 
curves with most of the larger catheters. When smooth 
bending ceased and focal deformations appeared, radi- 
ographs revealed straight lines or edges reflecting the flatten- 
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Fig. 5.—Kinked feeding catheter, demonstrating straight-line terminations, 
triangles of increased radiodensity (arrows) and bulging of catheter material 
(most notable at cephalad kink). 





Fig. 6.—Chest tube showing circular cross-section (arrow) at point of 
apparent abrupt angulation; tube was not kinked. 


ing of the curved catheter walls. A kink was most easily 
recognized with the beam perpendicular to the curve (fig 4A); 
the abrupt angulation is easily appreciated. Such a kink 
viewed obliquely (figs. 2 and 4B) revealed a triangle of in- 
creased density formed by the four thicknesses of wal cre- 
ated by the overlap of two flattened segments. 

A partial kink viewed in tangent produced a visible distortion 
in the catheter lumen at the apex of the curve; the circular 
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TABLE 3: Summary of Radiographic Signs of Catheter Kinking 


Distortion of the round catheter lumen when seen on end 

Appearance of straight lines or edges at the point of catheter 
direction change 

Triangular configuration at the point of catheter direction change 

Bulging of catheter material forming a silhouette wider than the 
outer diameter of the remainder of the catheter 

Visualization of catheter buckling 


Tee 


shadow of the lumen became oval (figs. 1 and 4C). More 
severe distortion caused the apex of the kink to approach a 
Straight line that is wider than the catheter outer diameter 
because of redundant catheter material bulging to either side 
(figs. 4D and 5). The radiographic findings thus were a function 
of two factors: the extent of deformation, and the angle of 
the beam with regard to the plane of the catheter curve. 
Studying each tube at various perfusion rates and increasing 
deformation showed that the distortion of the round lumen at 
the apex of the partial kink was the earliest plain film sign 
associated with altered flow characteristics. 

Tubes that were not kinked but which appeared abruptly 
angulated because the catheter curve was predominantly 
parallel to the x-ray beam invariably showed a circular (not 
oval or triangular) shadow of the catheter lumen at the bend’s 
apex (fig. 6). 

All pressure increases occurred only in the presence of one 
or more of the radiographic signs of kinking or partial kinking. 
However, two catheters of different size and composition 
(partially kinked 8.0-F feeding tube and 11.2-F Hickman cath- 
eter) revealed no measurable pressure increase despite the 
presence of such signs. 


Discussion 


Plain film evaluation of in-dwelling catheters becomes in- 
creasingly important as the use of such lines and tubes 
becomes more common. Most radiographs of catheters are 
intended to determine catheter position. Our Study suggests 
that such radiographs may also be useful in predicting cath- 
eter function. If a patient's catheter seems to be malfunction- 
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ing and the plain radiograph shows a circuitous catheter 
course, signs of catheter kinking or partial kinking (summa- 
rized in table 3) should be sought. If these are lacking, other 
sources of diminished function such as line obstruction, 
clogged connecting tubing, or malfunctioning infusion appa- 
ratus should be sought, before subjecting the patient to a 
possibly needless and potentially hazardous replacement of 
the internal tubing. 

It may be correctly observed that the presence or absence 
of a possible kink could often be resolved by a second 
projection (e.g., a lateral view). Unfortunately many infants 
and children requiring catheters are quite ill: it is obviously 
preferable in such cases to avoid the stress of additional 
radiography by gleaning as much information as possible from 
a single view. In almost all radiographs, the signs of kinking 
or its absence are perceptible with close scrutiny of the point 
of apparent deformation. Close scrutiny is especially neces- 
sary with the smaller catheters; a magnifying lens may help. 

It should be noted that this study considered only catheters 
being infused, not catheters subjected to suction. It is rea- 
sonable to suppose that partial or compiete kinking would 
cause relatively greater compromise under conditions of suc- 
tion, because the internal Subatmospheric pressure would 
tend to collapse catheter walls further, but this hypothesis 
has not been tested. 

The radiographic signs of kinking appeared when the tubes 
were partially or completely kinked, and the radiographic 
distinction between partial and complete kinking was not 
always possible, depending on the relative angles of the 
catheter and the beam. All catheters demonstrated marked 
dysfunction when completely kinked (i.e., bent back on them- 
selves). However, with incomplete or partial kinking (focal 
deformation of the catheter short of a 180° bend), not all of 
the catheters tested demonstrated a pressure gradient across 
the bend. Thus the appearance of one or more of the radi- 
ographic signs of kinking is a necessary but not sufficient 
criterion for catheter malfunction. 
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CT Myelographic Findings in 
Degenerative Disorders of 
the Cervical Spine: Clinical 
Significance 





CT myelographic data in 80 patients with clinical evidence of nerve-root involvement 
or long tract signs attributed to degenerative disorders of the cervical spine were 
classed into five diagnostic groups, and their clinical significance was assessed. 
Unilateral flattening of the cord by a spondylotic mass or bulging disk in a normally wide 
canal (group 1) was considered nonspecific because nerve-root signs were nearly as 
often contralateral as unilateral to the radiologic findings, and none of the patients had 
long tract signs. As a rule, conventional myelography showed only minor root-sleeve 
deformity. Concentric compression of the cord in a narrow (stenotic) canal (group 2) 
proved to produce long tract signs only after the cross-sectional area of the cord had 
been reduced by about 30% to a value of about 60 mm? or less. In most cases, nerve- 
root swelling (group 3) coincided with the side of nerve-root symptoms. A 100% 
correlation was found between the side of disk herniation with occlusion of the corre- 
sponding foramen (group 4) and the side of nerve-root symptoms. In 24 patients, cord 
and nerve roots showed no abnormalities (group 5). If stenosis of the spinal canal, nerve 
root swelling, and disk herniation are considered specific CT myelographic signs in 
nerve-root symptomatology, a specific diagnosis could be made in about 40% of the 
cases. 


After preliminary experience with cervical CT myelography, we were impressed 
by the wealth of information this method offers relative to conventional myelogra- 
phy, but we had to register several obviously false-positive findings because clinical 
nerve-root symptoms were contralateral to the side of radiologic findings. It is 
already known from conventional myelography that root deformities correlate poorly 
with clinical symptomatology [1]. Recent CT myelographic studies, however, claim 
to compare favorably with conventional myelography in this respect [2-5]. There- 
fore, we decided to assess a series of CT myelographic studies in patients 
suspected of having nerve-root and/or cord involvement caused by degenerative 
disorders of the cervical spine and to compare the radiologic findings with the 
information provided by the clinician. Several CT myelographic features were 
assessed relative to clinical signs of nerve-root and cord involvement. The study 
focused, in patients with nerve-root signs, on identifying clearly false-positive 
radiologic signs, and, in patients with long tract signs, on establishing borderline 
values for reduction of cross-sectional area of the spinal cord. 


Materials and Methods 


We studied 80 CT myelograms. In half of the cases, conventional myelograms obtained 
with an aqueous contrast medium immediately before the CT investigation were available. 
CT was carried out with Tomoscan 310 machines in two separate locations (University 
Hospital and Roman Catholic Hospital, both at Groningen). Slice thickness varied from 1.5 to 
3 mm, being taken 1.5 or 3 mm apart at the suspected disk levels and the adjoining vertebral 
portions (fig. 1). In most patients two or three levels were studied. 

To gain insight into the diagnostic significance of various morphologic abnormalities, we 
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Fig. 1.—Levels of CT depiction. Central figure shows levels of CT investi- 
gation. Slice thickness in this example is about 3 mm, and five slices are 
necessary to cover height of one vertebra and disk. Slices 1-3 pass through 
intervertebral foramen and slices 4 and 5 through pedicle. 


divided our findings into five radiodiagnostic groups: (1) cord defor- 
mation in a normally wide subarachnoid space (fig. 2); (2) cord 
deformation in a narrowed subarachnoid space (fig. 3); (3) nerve-root 
involvement as evidenced by local nerve-root swelling (fig. 4); (4) 
nerve-root involvement due to occlusion of the entrance of the 
intervertebral foramen (fig. 5); and (5) no cord or nerve-root involve- 
ment, however, dural indentations were frequently present (fig. 6). 

Besides this morphologic assessment, measurements were made 
at the level of maximal abnormality (as a rule, at C5-C6; in group 5, 
all measurements were made at C5-C6): cross-sectional area of 
spinal cord; cross-sectional area of surrounding subarachnoid space; 
midsagittal diameter of dural sac; and ratio between midsagittal and 
transverse diameter of spinal cord. 

Diameters and cross-sectional areas were computed by an inde- 
pendent CT viewing console after indicating the relevant landmarks 
or encircling the relevant area with a light pen on the display screen. 
Window width was routinely set at 800 H with levels usually centered 
around 200 H. 

Cord deformation was defined as asymmetry of its cross-sectional 
shape, distortion into a trigonal or rhomboid form and/or flattening or 
rotation. At first, flattening was assessed visually, but after analysis 
of measurements it was decided that flattening should be defined as 
a ratio of midsagittal to transverse diameter less than 0.4. Likewise. 
narrowing of the subarachnoid space was initially assessed visually 
but later was defined as a cross-sectional area of less than 70 mm?. 
The level with the smallest dimensions was always chosen as repre- 
sentative of the case. 

Nerve-root swelling was defined as an increase in root diameter to 
at least twice normal at the area in question (fig. 4). As nerve roots 
are too small to make reliable measurements, nerve-root swelling 
was only assessed visually. Nerve-root involvement was assumed to 
be present in cases of complete occlusion of the subarachnoid space 
at the entrance of the intervertebral foramen (fig. 5). No assessment 
of bony narrowing of the intervertebral foramen was attempted. 

Reliability of measurements was tested by measuring the cross- 
sectional area of the cord on 20 different CT images, repeating each 
measurement five times, and determining the maximal spread from 
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the mean value of the five measurements. If conventional myelograms 
were available, their findings were compared with those of CT mye- 
lography. Data on clinical symptoms of the patients were collected 
from the radiodiagnostic request forms. If necessary, extra informa- 
tion was obtained by consulting the referring physician. 


Results 


Group 1 comprised 16 patients. As a rule, cord deformation 
consisted of unilateral flattening of the cord with or without 
some rotation to the contralateral side. Anterior to the flat- 
tened part of the cord, bony encroachment extending partly 
or completely across was present at the anterior border of 
the spinal canal, lending the latter an asymmetric appearance 
(fig. 2). In three cases the mass was of a purely soft nature, 
giving the appearance of a unilaterally bulging disk (fig. 7). 
The mass sometimes narrowed the corresponding interver- 
tebral foramen, but never occluded its entrance completely, 
thus leaving the root sleeve more or less indented but still 
opacified by the contrast medium. 

Conventional myelograms were available in 13 cases. In 
one case anterior indentation of the dural sac was present at 
the disk levels; in another case anterior and posterior inden- 
tations were seen in extension. In a third case a bilateral root- 
Sleeve defect was found due to the presence of swollen nerve 
roots. In the other cases the root sleeves on the myelograms 
had been judged as normal, but in retrospect occasional slight 
loss of density of the root sleeve involved on the CT myelo- 
gram could be detected (fig. 2). 

Results of measurements on the cord and surrounding 
subarachnoid space are presented in table 1. Measurement 
error proved to remain below 3% in 75% of the cases and 
below 5% in 90%. Error was 7%-9% in 5% of the cases and 
never surpassed 9%. 

Statistically significant differences between the different 
groups with regard to different measurements are presented 
in table 2. Analysis of variance of the data showed that 
group differences among means were highly significant. 
Therefore, Student t tests were performed to locate these 
differences. Table 2 shows the p values resulting from the 
t test. 

Correlation with clinical findings revealed that in diagnostic 
group 1 no cases with long tract signs were present despite 
deformation of the cord. Clinical signs of nerve-root involve- 
ment were unilateral to the radiologic abnormality in seven 
cases, contralateral in six cases, and bilateral in two cases. 
In one case no cord or root signs were present. 

Group 2 included 24 patients. As a rule, cord deformation 
took the form of a cross-sectional shape congruent with that 
of the spinal canal (fig. 3). In several cases the cord also was 
more or less rotated. 

Conventional myelograms were available in 11 cases. A 
block in extension was found in eight cases; in one more case 
the “block” was unilateral. After restoration of flow of the 
contrast medium by cervical flexion, a permanent root-sleeve 
defect was detected in three cases. According to the CT 
myelographic findings, this defect resulted from the additional 
presence of a soft mass as defined in group 4 (these patients 
were also included in group 4). 
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Fig. 2.—Radiographic findings in group 1. A, Schematic drawing of CT 
myelographic findings. Unilateral flattening and rotation of cord in front of 
unilatera! mass on anterior border ot spinal canal, partly bony, partly soft in 
nature, and mot completely occluding entrance of foramen (root sleeve still 
visible). Roomy subarachnoid space. B, Drawing of conventional myelogram. 
Correspanding root sleeve shows only minor abnormalities. C, CT myelogram 
at C5-C6 in 36-year-old woman with long-standing neck pain radiating into 
right arm, cortralateral to side of mass at anterior border of spinal canal. Root 
Sleeves on beth sides are filled; cord is flattened on left side and rotated. D, 
Conventional nyelogram of same ind vidual. Less of density of left-sided C5- 
C6 root sleeve (arrow). 


Results of measurements are presented in table 1. To 
investigate correlation with clinical findings the group has 
been subarvided into 2A (long tract signs, 11 patients) and 
2B (no lone tract signs, but unilateral nerve-root involvement 
in 11, bilateral nerve root involvement in one, and no root 
involvement in one). 

Group 3 consisted of 11 patients. In six, nerve-root swelling 
was the only CT myelograpric abnormality. The CT myelo- 
grams in the other five cases showed, besides nerve-root 
swelling, a deformed cord in a normal subarachnoid space 
(one case),.a deformed cord in narrowed subarachnoid space 
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Fig. 3.—Radiographic findings in group 2. A, Schematic drawing cf CT 
myelographic findings. Molding of spinal cord to shape of narrowed spinal 
canal. Narrow subarachnoid space with concentric encroachment on spinal 
cord by spondylotic deformations (arrows). B, Drawing of conventional myelo- 
gram. Block of flow of contrast medium in extension of cervical spine. C, CT 
myelogram in 49-year-old man with acute loss of strength in right hanc and 
paresthesias. On extension of head, there were neck tingling sensations in 
both legs (patient was grouped as 2A). Marked narrowing of subarachnoid 
space and deformation of cord at C5-C6. D, Conventional myelogram, same 
patient. Block at C5-C6. 


(one case), and an occluding mass at the entrance of the 
intervertebral foramen (three cases). Accordingly, these cases 
were also included in groups 1, 2, and 4, respectively. Neve- 
root swelling manifested itself over an axial distance of some 
millimeters at the region of the lateral recess or entrance of 
the intervertebral foramen, and presented a rounded or balike 
shadow occluding the recess nearly completely, simulating a 
diskogenic soft mass (fig. 4). 

Conventional myelograms were available in seven cases. 
They demonstrated discrete, rounded defects within the zor- 
responding root sleeves. In two cases, however, these de- 
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Fig. 4.—Radiographic findings in group 3. A, Schematic drawing of CT 
myelographic findings. Swelling of nerve root (arrow) at entrance of interverte- 
bral foramen. More medially located part of nerve root is normal. B, Drawing of 
conventional myelogram. Rounded defects in corresponding root sleeve. C, CT 
myelogram at C6-C7 in 41-year-old woman with radiating pain in left arm and 
hand. Nerve-root swelling in region of entrance of left-sided intervertebral 
foramen. D, Conventional myelogram, same woman. Rounded defects in left- 
sided C6-C7 root sleeve (arrow). 


fects were also present on the contralateral side, where the 
CT myelogram was normal. In two other cases the defect on 
the side of the abnormal root sleeve was larger and (according 
to the CT myelogram) attributable to the additional presence 
of a soft mass at the entrance of the foramen. 

Nerve-root swelling corresponded to the side of clinical 
nerve-root involvement in nine cases, although in two in- 
stances nerve-root symptoms were bilateral. In the two other 
cases nerve-root swelling was bilateral, but clinical symptoms 
were unilateral. 

Group 4 included 11 patients. The occluding mass invaria- 
bly was of a soft nature and always had a topographic relation 
to the intervertebral disk. Often the mass extended downward 
alongside the pedicle of the vertebra below. In one case it 
extended slightly upward. A swollen nerve root was present 
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Fig. 5.—Radiographic findings in group 4. A, Sehematic drawing of CT 
myelographic findings. Soft mass at entrance of intervertebral foramen (arrows). 
Complete amputation of filling of root sleeve. Deformation and rotation of cord. 
B, Drawing of conventional myelogram. Large defect at corresponding root 
sleeve with slight indentation of dural sac and slight displacement of cord. C, 
CT myelogram at C5-C6 in 41-year-old woman with neck pain radiating into 
right shoulder and arm, of some months duration. Soft mass at entrance of 
intervertebral foramen on right side, completely amputating corresponding root 
sleeve. D, Conventional myelogram before CT study Large defect at side of 
right-sided C5-C6 root sleeve with slight indentation of dura above and below 
(arrows). 


at the corresponding level in three cases (these cases have 
also been included in group 3). In five cases the mass also 
caused marked narrowing of the subarachnoid space, two 
such cases having long tract signs (these cases have also 
been included in group 2). 

Conventional myelograms were available in nine cases. 
They showed a large defect at the site of the corresponding 
root sleeve in eight cases, with inward bulging of the dura 
above and/or below the defect. In addition, a block in exten- 
sion was found in two of these cases, being unilateral at the 
side of the mass in one. In one case the defect at the site of 
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Fig. 6.—Radiographic findings in group 5. A, Schematic drawing of CT 
myelographic findings. Normal aspect of cord; no nerve-root swelling. Irregular 
anterior dural contour due to osteoohyte formation at posterior vertebral border, 
but no narrowed subarachnoid space. B, Drawing of conventional myelogram. 
Normal aspect of cord and roots. C, CT myelogram at C5-C6 in 58-year-old 
woman with pain radiating into left arm. Level is normal except for irregular 
anterior dural surface due to osteoohyte formation. D, Conventional myelogram 
before CT study. Normal aspect of cord and root sleeves. 


the mass was small. Correlation wtih clinical findings showed 
agreement in all cases between side of clinical nerve-root 
compression and side of occluding mass. 

Group 5 comprised 28 patients. The CT myelograms were 
normal in 14 patients, apar from occasional minor spondylotic 
deformity. In the other cases marked bilateral spondylotic 
encroachment (unilateral in one case) on the anterior border 
of the spinal canal was present. In one case the subarachnoid 
space was narrowed. 

Conventional myelograms were available in seven cases. 
They were invariably judged as normal. No significance was 
attached to the minor asymmetry of filling of root sleeves and 
anterior dural indentations present in some Cases. 

Results of measurements are presented in table 1. To 
investigate the influence of anterior spondylotic encroach- 
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ment, the mean values of the group with normal CT myelo- 
grams and those of the group with marked spondylosis were 
determined separately. No difference was found. 

Clinical symptoms in group 5 were unilateral signs of nerve- 
root involvement (18 patients), bilateral nerve-root involve- 
ment (four patients), long tract signs (three patients), and 
other symptoms (three patients). In the 11 cases with marked 
anterior spondylosis, signs of nerve-root involvement were 
unilateral in 10 patients and bilateral in one. In the case with 
unilateral spondylotic encroachment (as in group 1), nerve- 
root symptoms were bilateral. 


Discussion 


Recent literature reports have attempted to assess the 
diagnostic accuracy of CT myelography on the basis of sur- 
gical verification [4, 5, 7]. This method has two distinct 
disadvantages: First, although the surgeon can confirm or 
disprove in most cases the radiologic assessment of the 
anatomic situation within the spinal canal, he is no more able 
than the radiologist to state with certainty that the patient's 
symptoms are etiologically related to the existing anatomic 
situation (bulging or herniated disk, bony spur, narrow canal). 
In other words, both the radiologist and the surgeon are 
describing the same morphologic features, and the correlation 
between the two techniques in the cervical spinal region is 
gratifyingly high. However, neither can tell us whether the 
features perceived are symptomatic or asymptomatic. The 
results of the operation (success or failure in relief of symp- 
toms) can provide an indication in this direction, but they are 
by no means conclusive [8]. Second, selecting patients on 
the basis of having undergone surgery excludes patients with 
a discrepancy between clinical and radiologic findings, as was 
present in our group, and who will not undergo surgery. 

Our method of comparing CT myelographic findings with 
clinical signs also has its limitations. Clinical symptomatology 
in general is insufficiently reliable to ascertain unequivocally 
the location of nerve-root involvement. Accordingly, attention 
was only paid to the side of nerve-root complaints, and no 
speculation was made as to the level. Therefore, if clinical 
symptomatology pointed to the side contralateral to the radio- 
logic findings, these findings were considered false positive. 
If clinical and radiologic signs pointed to the same side, 
correlation was considered probable, although it is known 
that brachialgia can be produced by nerve-root compression 
as well as by a great variety of pathologic processes. There- 
fore, our method is more reliable for assessing false-positive 
results than for establishing a true-positive relationship. True- 
and false-negative findings are, of course, even more difficult 
to identify. 

In group 1 (cord deformation in a normally wide subarach- 
noid space) radiologic signs were almost as often in disagree- 
ment as in agreement with the side of clinical signs. If this 
were to imply an almost random distribution, a causal relation 
between the anatomic and the clinical picture would seem 
unlikely, even in cases where both are on the same side. In 
the latter case, however, absence of a causal relation cannot 
be established with certainty either. Therefore, it seems more 
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Fig. 7.—Possible evolution of herniated disk. Schematic drawing (A) depicts several stages of disk 
bulging or disk herniation, indicated by interrupted lines 1-3. These Stages are shown on CT myelograms 
(B-D). Stages 1 (B) and 2 (C) were interpreted as unilateral bulging disks that left corresponding 
intervertebral foramen more or less open with opacification of root sleeve (arrows). Accordingly, these 
cases were Classed in group 1. Soft mass in stage 3 (D) completely occluded intervertebral foramen and. 
hence, was interpreted as herniated disk belonging to group 4. A gradual progression from stage 1 to 
stage 3 is suggested. 
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TABLE 1: Results of Measurements of Cord and Intradural Space at Level of Maximum Pathology 


























Group No. 

a o 2A 2B 1 5 
PR CTI EERE E O E edd ehh wean midds 9 10 12 18 
No.ofwomen............................ 2 3 4 10 

POs ra ei EE PED SBS Se hth, nye be Sw ote oR Basa deded ade d oh chine ca a 11 13 16 28 
MOA AHE WORKS) so ose e 6. e odd Kgs e4ld-a Ww anh Ga dno bw ae hwe bbe nhc wlk lp aces 55 45 46 45 
AP cord diameter (mm) 4.8 6.3 6.4 fa 
Transverse cord diameter (mm) E ver 13.1 13.9 14.5 13.8 
Ratio AP/transverse cord diameter (x100). 0.222 37 44 44 51 
Cross-sectional cord area in mm? (SD) ...........................000000000 50 (17) 71 (13) 77 (8) 84 (10) 
AP diameter of intradural space (mm) ........ 7.2 8.6 10.7 11.9 
Cross-sectional area of intradural space in mm? (SD)... sss... 100 (29) 132 (37) 188 (29) 208 (42) 
Cross-sectional area of SAS around cord in mm? (SD) ..«. «ss «....s sss 50 (20) 61 (27) 111 (43) 124 (43) 
Ratio cord area/intradural space area(x100)........2 22. 50 95 41 42 


Note.—Group 2A = stenosis with long tract signs; group 2B = stenosis without long tract signs; group 1 = cord deformation in wide canal; group 5 = no cord deformation (all 
measurements were obtained at C5-C6). The level of maximum pathology in groups 1 and 2 was found at C5-C6 in 66%. at C6-C7 in 28%, and at other levels in 6%. AP = anteroposterior: 
SAS = subarachnoid space. 


prudent to conclude that although group 1 radiologic findings 
lack specificity, they may have significance if the clinical 


terior bony encroachment upon the dural sae was seen in 10 
of these cases, however. Likewise, in group 2B (cord defor- 


symptoms are on the same side. 
In group 5 (no cord or nerve-root deformity), 18 individuals 
had unilateral nerve-root symptoms. Symmetric, bilateral, an- 


mation in a narrowed subarachnoid space without long tract 
Signs), the spinal canal nearly always showed concentric 
narrowing. Nerve-root signs, however, were almost invariably 
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TABLE 2: Statistical Findings among Groups of Degenerative Disorders of the Cervical Spine 
ST a TE RT RT EE ES SE ST SE EN EEE LEE EL EO ER EE AE EES BERK 8 SS eS 


Correlations between Groups (p values) 














1/2A 1/2B 1/5 2A/2B 2A/5 265 
Mean age mairr 0.05 ies a 0.04 0.04 ER 
AP diameter of cord . ae bd, deeb Go thd 0.004 0.001 0.01 0.00 0.01 
Transverse diameter of cord. _ . E E | 0.01 sig 0.07 ai sit ies 
Ratio AP/transverse diameter of cord Toree Se Sag dba J oe 0.01 0.02 
Cross-seetional areaofcord............. isa 0.00 nis 0.02 0.004 0.00 0.004 
AP diameter of intradural space EREE E TY 0.00 0.00 0.01 0.03 0.00 0.00 
Cross-seetional area of intradural space as | > : nad avs 0.00 0.00 
Cross-seetional area of SAS around cord TT 0.04 ned rr P 0.05 0.00 
Degrees of freedom for the Student t-test. .......... 25 27 42 22 37 39 


Note.—Only p values less than 0.05 ‘rom two-tailed t tests (except age, which was tested one-tailed) are shown. The degrees of freedom refer to a pooled variance estimate, assuming 
equal varianees in both groups. If necessary, a separate variance estimate was used and degrees of freedom were calculated accordingly. All calculations were performed on a PDP 11-70 


computer with SPSS [6]. AP = anteroposterior; SAS = subarachnoid space. 
* Testing was not relevant. 


TABLE 3: CT Myelographic Features “Specific” for Clinical 
Nerve-Root Involvement 


a eS a re a AS SE TE 











Sroup CT Myelographic Findings er a 

2B Stenosis alone 8 
2B+3 Stenosis + root swelling 
2B+4 Stenosis + disk herniation 3 
< PPT Root swelling alone 6 
oe ea Root swelling + cord deformation 1 
3+4 Root swelling + disk herniation 3 
EPY Disk herniation alone 3 

Total Wb oat? Sasa > ees a 25 


Note.—Patients with long tract signs with or without nerve-root symptoms are not 
included in thrs table. 


unilateral (11 of 12 cases). Unilateral nerve-root signs in the 
presence of bilateral narrowing of the spinal canal would 
appear to argue against a causal relation. On the other hand, 
literature reports indicate that nerve-root signs may be the 
precursor of long tract signs in developing spondylotic mye- 
lopatny. it is our experience that such nerve-root symptoma- 
tology may disappear completely after surgical decompres- 
sion of the cord. Therefore, lateralization of symptoms may 
be the result of a minute asymmetry in an apparently sym- 
metric lesion. 

A 100% correlation was found between the side of nerve- 
root symptoms and that of disk herniation, as evidenced by 
an occluding mass at the entrance on the intervertebral 
foramen (group 4). This means that such an occluding mass 
is probably a reliable raciologic sign of local nerve-root 
compression. The three characteristics of the mass—(1) ex- 
clusively composed of soft tissue; (2) completely occluding 
the entrance of the intervertebral foramen; and (3) extending 
upwerd or downward into the lateral recess alongside a 
pedicle—indicate that it represents a herniated disk. As is 
evident from the CT myelograms (fig. 6), the mass is in 
continuation with the intervertebral disk between the unco- 
vertebral joints. It was never seen to bulge maximally in the 
midline, but always deviated laterally in the direction of the 


intervertebral foramen. Perhaps the three cases of sot uni- 
lateral mass included in group 1 represent first stages in the 
development of disk herniation (fig. 7). 

In this context it is interesting to note that complete occlu- 
sion of the foraminal entrance was never noted in cases with 
spondylotic encroachment (group 1). Therefore, it appears 
that only a soft-tissue mass (disk herniation), whether 3r not 
in combination with local spondylosis, can compress thenerve 
root in the lateral region of the spinal canal at the foraminal 
entrance. More distal compression within the foramen is 
discussed below. 

Nerve-root swelling (group 3) appears to be positive'y cor- 
related with the side of clinical nerve-root involvement, albeit 
less strongly than an occluding mass at the foraminal en- 
trance. Characteristically it is limited to the lateral part of the 
visible segment of nerve root. The more proximal medial part 
was never included in the swelling. This seems to indicate 
that the cause of nerve-root swelling must be found immedi- 
ately distal to the swollen segment, that is, in the intervertebral 
foramen, or, in case of disk herniation, at the entrance of the 
foramen. 

It is tempting to speculate on the role of foraminal lesions 
in causing nerve-root compression and swelling. The inter- 
vertebral foramina, however, fall outside the scope of cur CT 
myelography study, as only in a few cases does filling cf long 
root sleeves permit demonstration of the nerve root within 
the foramen. Assessment of the bony dimensions of the 
foramen does not clarify the problem, as it has long been 
known that the incidence of bony foraminal narrowing in 
symptomatic and asymptomatic patients is the same [9]. 
Possibly intravenously enhanced CT studies of the foramina 
may be helpful, with unilateral occlusion of the uncinate vein 
within the foramen indicating nerve-root compression at the 
same location [10]. 

Table 3 shows the distribution of CT myelographic features 
in 25 individuals with clinical nerve-root symptoms only (no 
long tract signs). Note that some exhibit more than one of 
these features. We regard the CT myelographic features 
mentioned in this table as “specific” for clinical nervs-root 
involvement, including stenosis, because decompression may 
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have a favorable effect on root symptoms. The other 37 
individuals in our group with clinical nerve-root symptoms only 
exhibited “nonspecific” CT myelographic features, such as 
unilateral flattening of the cord or no abnormalities. Thus, CT 
myelographic findings “specific” for clinical nerve-root involve- 
ment occurred in 25 (40%) of 62 of these patients. 

If we now turn to the spinal cord, it is striking that the 
significant degree of deformation of the cord in groups 1 and 
2B has no detectable clinical significance, as long tract signs 
are absent. Besides deformation, however, the mean cross- 
sectional area of the cord in these groups is reduced when 
compared with the reference group 5 (reduction by 8% and 
15%, respectively, tables 1 and 2). 

Evidently this degree of cord involvement is not sufficient 
to produce long tract signs. Such signs do become manifest 
in group 2A, in which the mean cross-sectional area of the 
cord has been reduced even more markedly (reduction by 
40% compared with group 5). This seems to indicate that the 
critical value below which long tract signs become manifest 
lies somewhere between the mean cross-sectional areas of 
group 2B (71 mm*) and 2A (50 mm’), or somewhere around 
60 mm? or 30% reduction in cross-sectional area. The “nor- 
mal” group 5 indeed contains no individuals with a cross- 
sectional cord area of less than 60 mm?, and in group 1 only 
one of 16 individuals without long tract signs had a smaller 
area (54 mm”). In group 2B, two of 12 individuals without long 
tract signs had smaller areas of 58 and 56 mm?, respectively. 

In the concentric cord compression present in group 2, it 
seems likely that the cord may escape loss of function in the 
early stages by adaptation of its shape to that of the narrowing 
spinal canal. When loss of cord volume does occur, this need 
not at first lead to loss of function, a phenomenon comparable 
to adaption of the brain to progressive hydrocephalus or a 
Slowly-growing meningioma. After the reduction of cross- 
Sectional cord area has exceeded a critical degree (about 
30%) and the remaining cord area has reached a certain 
minimum (about 60 mm*), decompensation will occur because 
no more cord volume can be sacrificed without damage to 
the long tracts. In this connection it is interesting to note that 
the mean age in groups with long-tract signs (group 2) is 10 
years older than in group 2B without such long-tract signs 
(tables 1 and 2). 

It is also worth noting that the cross-sectional area of the 
Subarachnoid space has already been markedly reduced in 
group 2B (as compared with group 5). This indicates that 
concentric compression of the cord due to critical reduction 
of the surrounding subarachnoid space has already started in 
group 2B. 

A recent literature report [5] describes good surgical results 
in patients with cervical myelopathy and a cord-to-subarach- 
noid space ratio (cord area divided by total intradural area x 
100) greater than 50, as opposed to poor results in patients 
in whom the same ratio was less than 50. In the latter group, 
with a relatively roomy subarachnoid space Surrounding an 
atrophic spinal cord, poor surgical results may indicate that 
the cord problem is not due to concentric compression, or 
that cord atrophy, originally the result of concentric compres- 
sion, has exceeded a critical limit and is now progressing 
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autonomously. As table 1 indicates, the mean cord-to-sub- 
arachnoid space ratio in group 2A is 50. Five patients in this 
group had a ratio less than 50 and a mean cross-sectional 
area of the cord of 44 mm’. In the other six patients the ratio 
was more than 50 and the cross-sectional area of the cord 
had a mean value of 64 mm”. Thus, in the patients with a 
ratio of less than 50, cord atrophy seems to be more pro- 
nounced. Table 1 also shows ratios of 41 and 42, respectively, 
in groups 1 and 5. One should be aware that these low ratios 
are due to a roomy subarachnoid space and not to cord 
atrophy (cross-sectional areas of the cord being well over 60 
mm’). 

Are the values given in table 1 for group 5 (normal appear- 
ance of cord and nerve roots) normal? To answer this ques- 
tion we compared the values with data im the literature. In 
anatomic specimens Elliot [11] measured a cross-sectional 
area of the cord at the girth of maximal enlargement of 75- 
85 mm*. According to Nordqvist [12], the anteroposterior 
diameter of the subarachnoid space averages 11.7 mm, with 
a spread of 9-14 mm. Cord ratio is given by Elliot as 0.58, 
anteroposterior and transverse diameters of the cord aver- 
aging 7.7 and 13.2 mm. According to Di Chiro and Fisher 
[13], the ratio at C5 is 0.62, the cord diameters averaging 8.5 
and 14 mm. All these values are in fair agreement with the 
data of group 5, the cord in this group 5 having the same 
cross-sectional area but being slightly flatter in shape. 

Comparing the results of CT myelography with those of 
conventional myelography, we see that the latter studies were 
always initially judged as normal in groups 1 and 5, but in 
retrospect sometimes slight loss of density at the involved 
root sheath could be detected in group 1. In our opinion the 
findings of CT myelography in group 1 do not add to a better 
understanding of the clinical picture because they are usually 
Clinically irrelevant. The same is true for group 5, in which 
conventional myelograms are also normal, minor asymmetry 
of filling of root sleeves and anterior dural indentations being 
accepted as insignificant [1]. 

In groups 2-4, the conventional myelogram was always 
abnormal. In group 2A, a block in extension or marked anterior 
and/or posterior indentations of the contrast column were 
present. Abnormalities in group 3 occasionally proved to be 
minor, but had been judged invariably as abnormal. Group 4 
presented gross abnormalities at the leve! of the foraminal 
mass in all cases. Additional information provided by CT 
myelography in all these groups proved to be relevant. In 
group 2 deformation of the cord was demonstrated on CT 
myelography, and measurements of the cross-sectional area 
of the cord and subarachnoid space contributed to preoper- 
ative evaluation. The cause of the concentric compression 
(spondylotic mass, herniated disk) could be better analyzed. 
In group 3 sometimes a cause for the nerve-root swelling 
could be detected (herniated disk, Stenosis). In group 4, 
demonstration of the herniated disk contributed to the pre- 
operative evaluation. In conclusion, we may state that a 
normal conventional myelogram appears to make a postmye- 
lographic CT investigation superfluous. CT investigation in 
these cases may even lead to false-positive interpretation of 
Clinically irrelevant findings. In abnormal conventional myelo- 


AJR: 146, April 1986 


grams, however, additional CT investigation is likely to provide 
additional information. 

In some instances, swollen roots on CT myelography were 
misinterpreted as herniatec disk, especially if they nearly filled 
the entrance of the foramen. By manipulation of window and 
level the slight differences in density between the roots and 
surrounding subarachnoid space can be enhanced, and it will 
become evident that we are dealing with swollen roots and 
not with a herniated disk. Another criterion in differentiation 
of both conditions is that swollen nerve roots occupy only 
one or two thin adjacent ST slices, while a herniated disk 
extends axially over larger distances (e.g., 10 or 15 mm or 
more). 
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Hyperextension Dislocation 
of the Cervical Spine 





The purpose of this report is to describe hyperextension dislocation of the cervical 
spine and to illustrate its often subtle radiographic features. An analysis of the lateral 
cervical spine radiographs in 20 patients with hyperextension dislocation of the cervical 
spine revealed the combination of diffuse prevertebral soft-tissue widening together 
with normally aligned cervical vertebrae in all patients with this injury. In six (30%) of 20 
patients, this combination of findings was the only radiographic sign. The precise level 
of dislocation was indicated by a thin, transversely oriented avulsion fracture fragment 
arising from the anterior aspect of the inferior end-plate of the dislocated vertebra in 13 
(65%) of 20 patients, by a vacuum defect in the intervertebral disk subjacent to the 
dislocated vertebra in three (15%), by a widened intervertebral disk space in three 
(15%), and by comminuted fracture of the spinous process in one (5%). Clinically, all 20 
patients had facial trauma and all had some manifestation of the acute central cervical 
spinal cord syndrome. 


Hyperextension dislocation is a specific type of acute cervical spine injury that is 
frequently not recognized radiographically. The radiographic signs have been 
described as diverse [1-3] and subtle [4-6]. The diagnosis is usually established 
by the presence of an acute central cervical spinal cord syndrome in a patient who 
has sustained facial or craniofacial trauma and in whom the cervical vertebrae are 
normally aligned in the lateral projection [3, 5, 7, 8]. 

While many authors have described various radiographic signs of hyperextension 
“injuries” [2, 8-15], a review of the literature revealed no single comprehensive 
description of the radiographic signs of the specific injury, hyperextension disloca- 
tion. 

The purpose of our report, therefore, is to present the results of an analysis of 
the lateral cervical radiographs in 20 patients with hyperextension dislocation and 
to describe the pathologic features of this injury on the basis of autopsy and 
experimental studies reported in the literature. 


Materials and Methods 


The initial lateral radiographs of the cervical spine in 20 patients with the diagnosis of 
hyperextension dislocation seen at the Hermann Hospital since 1980 were analyzed for the 
presence of signs ascribed to hyperextension dislocation, namely, the alignment of the 
cervical vertebrae, prevertebral soft-tissue swelling, avulsion fracture of the anterior aspect 
of the inferior end-plate of the dislocated vertebra, widened intervertebral disk space, vacuum 
disk, and fracture of the lamina or spinous process. The diagnosis of hyperextension 
dislocation was based on historic, clinical, and radiographic findings. 

The lateral cervical spine radiographs included in this study were obtained with a horizontal 
beam and target-film distance (TFD) of 40-72 inches (1.0-1.8 m). Because the TFD was not 
recorded for each examination, the shortest TFD was assumed in all patients to allow for the 
maximum magnification effect on the prevertebral soft tissues and to provide a basis for 
comparison with the normal prevertebral soft-tissue width of 5 mm at 60 inches (1.5 m), as 
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established by Weir [11]. The magnification factor at 40 inches (1.0 
m) is 1.4. Therefore, in adults, a prevertebral soft-tissue width of 7 
mm on a lateral cervical spine radiograph obtained at a TFD of 40 
inches (1.0 m) is equivalent to a 5-mm width obtained with a TFD of 
60 inches (1.5 m). 

The clinical data pertaining to each patient were reviewed for age, 
gender, etiology of trauma, neurologic findings, and associated inju- 
ries. Fifteen of the patients were male and five were female. They 
were 7-60 years old (mean, 31). All patients, except one who 
sustained multiple trauma in a construction accident, were injured in 
high-velocity impact accidents. 


Results 


Review of the radiographs of the 20 patients in this study 
revealed several radiographic signs that reflect the various 
pathologic components of the injury. The constant finding in 
all 20 patients was the combination of diffuse prevertebral 
soft-tissue swelling and normally aligned cervical vertebrae. 
The actual prevertebral soft tissues in all patients included in 
this study at the anterior inferior margin of C3 measured 9- 
19 mm (mean, 13.5 mm). 

The second most common finding, present in 13 (65%) of 
the patients, was a thin fracture fragment with a horizontal 
dimension greater than its vertical dimension that arose from 
the anterior aspect of the inferior end-plate of the involved 
vertebra. Increased height of the involved disk space and 
vacuum disk were each present in three (15%) of the patients. 
Each is evidence of disruption of the intervertebral disk [9, 
16]. A fracture of the spinous process was present in one 
(5%) of the patients. Transverse fractures of the vertebral 
bodies have been described in association with hyperexten- 
sion injury [5], but none was present in our series. 

All patients had signs and symptoms of acute central 
cervical spinal cord syndrome. At the time of admission, eight 
patients had flaccid paralysis of the upper extremities only, 
and one had progressive sensory loss in the upper extremi- 
ties. All patients had evidence of facial trauma. Two had 
fractures of the mandible, one had a craniofacial fracture, and 
one had a depressed fracture of the frontal bone. 


Discussion 


Hyperextension dislocation of the cervical spine was first 
defined pathologically by Taylor and Blackwood [8] in 1948. 
Their patient had an acute injury of the cervical spine “in which 
damage to the cervical part of the spinal cord appears without 
radiographic evidence of vertebral injury or displacement.” 
Autopsy of this patient “revealed that the anterior longitudinal 
ligament was ruptured between the sixth and seventh cervical 
vertebrae, the column had been torn through by detachment 
of the intervertebral disc from the lower surface of the sixth 
vertebral body. The upper segment of the column, carrying 
with it the intact posterior longitudinal ligament, could be 
displaced backwards on the lower segment with great ease, 
the disk remaining attached to the upper surface of the 
seventh vertebra and the posterior longitudinal ligament being 
lifted from its posterior surface.” In discussing this patient, 
Taylor and Blackwood stated that “a backward thrust applied 
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Fig. 1.—Schematic representation of pathophysiology of cervical spine and 
soft tissues during hyperextension dislocation. 


through the head does cause dorsal dislocation or fracture at 
the lower levels of the cervical spine” and that injury causing 
the syndrome of a paraplegic patient with normally aligned, 
intact cervical vertebrae is “extension dislocation with imme- 
diate spontaneous reduction.” 

The pathology of hyperextension dislocation described by 
Taylor and Blackwood [8] and subsequently by Marar [5] has 
been produced in anesthetized monkeys [17-19]. 

Hyperextension dislocation of the cervical spine is usually 
the result of a high-velocity, abrupt-deceleration motor-vehicle 
accident, although any circumstance that delivers a poste- 
riorly directed major force to the face may cause the disloca- 
tion. 

The true incidence of hyperextension dislocation is not 
known, partially at least because its radiographic signs have 
been neither generally recognized nor appreciated. The fact 
that our series of 20 patients with hyperextension dislocation 
is the largest in the English literature suggests that hyperex- 
tension dislocation is an uncommon, although important, in- 
jury. 

The pathologic lesion of hyperextension dislocation con- 
sists of rupture of the anterior longitudinal ligament and either 
avulsion of the involved vertebra from the subjacent disk or 
horizontal rupture of the disk. Continued posterior excursion 
of the involved vertebra strips the posterior longitudinal liga- 
ment from the subjacent vertebral body, allowing the dislo- 
cating vertebra to impinge on the ventral surface of the spinal 
cord. Simultaneously, kyphotic angulation occurs posteriorly 
at the level of dislocation, causing the ligamentum flavum and 
dura to impinge on the posterior aspect of the cord. Antero- 
posterior compression of the spinal cord (fig. 1) results in the 
“acute central cervical spinal cord syndrome” characterized 
by sensory changes below the level of dislocation and motor 
impairment that is disproportionately greater in the upper than 
in the lower extremities. Bladder dysfunction, resulting in 
urinary retention, may be present. Depending on the type and 
degree of central cord damage, tetraplegia may be permanent 
or death may occur [3, 20]. There is little correlation between 
radiologic and neurologic findings [16]. The extent of neuro- 
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Fig 2.—Diffuse widening of prevertebral soft tissues (asterisk). A, Secondary to hemorrhage and 
edema resulting from rupture of anterior longitudinal ligament. Avulsion fracture (arrowhead ) from anterior 
aspect of inferior end-plate identifizs dislocated vertebra and serves as confirmatory evidence of hyper- 
extension dislocation. B, 1 month after injury. Prevertebral soft-tissue swelling is diminished but still 
present. Slight posterior displacement of C2 (arrow) results from ligamentous instability. Avulsion fracture 


(arrowhead ). 


logic recovery seems to be related to the extent and nature 
of the cord damage [3, 5, 20]. 

Rupture of the anterior longitudinal ligament, which may 
occur with a force of as little as 340 psi (24 kg/cm‘) [21], is 
manifested radiographically by diffuse widening of the pre- 
vertebra! soft tissues and blurring of the air—soft tissue inter- 
face secondary to hemorrhage and edema associated with 
the ligamentous tear (fig. 2) [2]. Weir [11] established that the 
normal width of the prevertebral soft tissues at the level of 
the anterior inferior border of C3 in adults is 2.6-4.8 mm with 
a TFD of 1.5 m. At this TFD, a prevertebral soft-tissue shadow 
exceeding 5 mm at this level is abnormal. 

The shortest TFD used in obtaining lateral cervical spine 
radiographs of the patients in our series was 40 inches (1 .0 
m), which resulted in a maximum magnification factor of 1.4 
and a normal prevertebral thickness of 7 mm as measured at 
C3. The prevertebral soft-tissue shadow at this level in all 20 
patients was 9-19 mm. Further, in 50% of the patients, the 
width of the prevertebral soft tissues was more than double 
the accepted upper limit of normal (7 mm). 

In all patients with hyperextension dislocation, except two 
adolescents, the prevertebral soft-tissue swelling involved the 
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Fig. 3.—Acute avulsion fracture from anterior as- 
pect of inferior end-plate (arrowhead ) of dislocated 
vertebra. This fracture occurs at site of attachment 
of Sharpey fibers and indicates level of dislocation. 
Calcification in anulus fibrosus (arrow) is secondary 
to degenerative disease. 


entire cervical region, extending even to the nasopharynx and 
the clivus. In the two adolescents, in whom the inferior ring 
apophysis of the dislocated vertebra was avulsed, the soft- 
tissue swelling extended only a distance of about four cervical 
segments. Avulsion of the apophysis, limited soft-tissue swell- 
ing, and minimal neurologic findings all suggest that these 
injuries were less severe than those in the adults with diffuse 
prevertebral soft-tissue swelling. 

The avulsion fracture fragment seen in two-thirds 3f the 
patients with hyperextension dislocation is characteristic of 
this injury. The separate fragment, with a horizontal dimension 
greater than its height, arises from the anterior aspect of the 
inferior end-plate of the involved vertebra (fig. 3). The fragment 
is avulsed by the intact Sharpey fibers (fig. 4) [22, 2¢], and 
its presence confirms the diagnosis and indicates the level of 
dislocation. 

The fracture fragment caused by hyperextension dsloca- 
tion must be distinguished from that of the extension teardrop 
fracture because of the significant clinical difference between 
these two injuries. The avulsion fracture of hyperextension 
dislocation (fig. 5A) is characterized by its location and 9y the 
fact that its horizontal dimension is greater than its height. 
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Fig. 4.—Schematic representation of attachment of intervertebral disk to 
vertebral rim by fibrous extensions of anulus fibrosus (Sharpey fibers). Fibers 
are attached initially to cartilaginous ring apophysis and gradually become 
embedded in ossifying vertebral rim during skeletal maturation. (Modified from 
[22].) 


Conversely, the height of the extension teardrop fragment 
(fig. 5B) equals or exceeds its horizontal dimension. 

Widening of the intervertebral disk space (fig. 6) may be- 
come radiographically evident only when the cervical spine is 
examined in extension. Cintron et al. [9] emphasized that a 
widened disk space may indicate “a potentially unstable le- 
sion.” 

The vacuum defect is a horizontal, oval lucency within the 
intervertebral disk space (fig. 7). This “lucent cleft” was first 
reported as a sign of cervical disk injury or disease by Rey- 
mond et al. [10], who postulated that the lucency represented 
gas, probably nitrogen, diffused into the joint space by the 
negative pressure associated with avulsion of the inferior end- 
plate of the affected vertebra from the subjacent disk. Rather 
than the vacuum defect being adjacent to the inferior vertebral 
end-plate, as described by Reymond et al. [10], the vacuum 
defect in the three patients in our series was present in the 
mid-transverse plane of the disk space, which, we believe, is 
related to the negative pressure associated with transection 
of the intervertebral disk during hyperextension. 

Spinous process fractures resulting from hyperextension 
are secondary to compression of the involved spinous proc- 
ess between adjacent processes (fig. 8). This fracture differs 
pathologically and radiographically from the clay shoveler’s 
fracture, which is an avulsion injury caused by the abrupt 
traction gorce of the intact interspinous ligament and charac- 
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terized radiographically by an oblique fracture limited to the 
spinous process. 

Hyperextension dislocation is pathologically and radi- 
ographically distinct from the spinal cord compression injury 
that occurs in extension and is associated with cervical spon- 
dylosis, as described by Taylor [24] and Borovich et al. [20]. 
In these patients, in whom the lateral cervical spine radi- 
ographs were all negative except for the asteophytosis, the 
central cord syndrome was best explained by pinching of the 
cord by the osteophytes anteriorly and the in-bulging dura 
and ligamentum flavum posteriorly, the so-called “Taylor 
mechanism.” At autopsy, Taylor [24] reported that the spinal 
column, including the anterior longitudinal ligament, was in- 
tact. Myelographic cadaver experiments [24] demonstrated 
that, in hyperextension, a series of posterior indentations at 
the level of the interlaminar spaces narrowed the canal by as 
much as 30% secondary to infolding of the ligamentum flavum 
and dura. 

In recent literature, some authors have referred to the 
hyperextension dislocation in terms that vary from the original 
pathologic description, that is, “hyperextension sprain (mo- 
mentary dislocation) with fracture” [15] and “hyperextension 
sprain” [25]. However, on the basis of autopsy findings, 
animal experiments [17-19], and in keeping with the generally 
accepted clinical usage, we strongly advocate that the tradi- 
tional terminology, hyperextension dislocation of the cervical 
spine, be reserved specifically for this injury, even though, 
bydefinition, the dislocation is not radiographically present on 
neutral lateral radiographs of the cervical spine. 
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izontal dimension is greater than its vertical dimen- 
sion. Conversely, height of hypere> tension teardrop 
fracture (arrow) is creater than, or equal to, its 
width. Asterisk indicates widening of prevertebral 
soft tissues uniformly associated with hyperexten- 
sion dislocation. 
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Thoracic Outlet Syndrome: 
Review and Reference to Stroke in a 
Major League Pitcher 





The thoracic outlet compression syndrome is reviewed. It should be considered in all 
neurologic and vascular complaints of the upper extremity. Symptoms are related to 
arm position and use and are aggravated by sustained activity that stresses the shoulder. 
A participant in any sport that requires a repetitive violent throwing motion is a potential 
candidate for this condition. A detailed report of a major league pitcher illustrates the 
importance of early diagnosis and appropriate treatment, inasmuch as delay cam be 
catastrophic, as in the case of this career athlete. A thorough history is the best aid in 
arriving at a diagnosis. When the symptoms are mild or moderate, conservative therapy 
may suffice. When surgery is indicated, the object is to create adequate space for 
passage of the brachial plexus, subclavian artery, and subclavian vein. Patients with 
thrombosis and occlusion of a major artery supplying the upper extremity require an 
additional arterial reconstructive procedure plus a cervicothoracic sympathectomy. 


Vascular compression in the thoracic outlet, with or without the presence of local 
musculoskeletal anomalies, is a well documented entity [1]. When thoracic outlet 
syndrome occurs in athletes involved in repeated violent exercise of the arms, the 
subclavian artery may be subjected to a severe degree of recurrent trauma, 
resulting in intramural hematoma, dissection, and thrombosis of the artery. Ante- 
grade or, less often, retrograde propagation of a thrombus or extension of an 


intramural hematoma places the cerebral circulation in great jeopardy by exposing 


the vertebral artery and, on the right side, the common carotid artery to proximal 
occlusion and/or distal embolization. 


Case Report 


A 30-year-old, right-handed major league pitcher was first seen in 1980. During spring 
training of that year he complained of progressive fatigue and a sense of heaviness in his 
pitching arm after a lengthy workout or after he had pitched five or six innings. Once he 
began the pitching rotation during regular season, it became even more of a problem because 
he could not go past the third or fourth inning without great difficulty. After that, the greater 
the amount of effort, the more serious the problem. He was seen on several occasions by 
the team physician and was subsequently referred to an orthopedic surgeon specializing in 
bone and joint problems of baseball players. 

In June 1980, during the third or fourth inning of a game, his arm suddenly “went dead,” 
and he had numbness and tingling in the first three digits of the right hand. He was unabie to 
continue. 

He was admitted to a hospital a few weeks later for diagnostic evaluation, and on July 25, 
1980, angiography demonstrated complete occlusion of the right subclavian artery just distal 
to the origin of the thyrocervical trunk and immediately proximal to the medial edge of the 
first rib (fig. 1A). The brachial artery was reconstituted via thyrocervical/subscapular collaterals 
(fig. 1B). 

No surgery was performed at that time, and the patient was discharged from the hospital 
and allowed to resume his workouts. Early in the morning on July 30, 1980, he went to a 
chiropractor for manipulation of his neck. Later in the afternoon of that same day, while 
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Fig. 1.—Aortogram (A) and subclavian arteriogram (B) document occlusion 
of right subclavian artery near first rib (arrow). Edge of occluded segment is 
Spiral, indicating fairly recent occlusion, at least in part due to intimal dissection. 
Occlusion involves also entire length of axillary artery (B), with poor collaterali- 





Fig. 2.—Aortogram after stroke. Complete occlu- 
sion of innominate artery near its bifurcation (arrow). 
Nature of occlusion—embolus, dissection or retro- 
grade propagation of thrombus—cannot be estab- 
lished. 


working Out on the field, the patient experienced a sudden onset of 
confusion, headache, tinnitus, nausea, and generalized weakness. 
but did not lose consciousness. He was readmitted to the same 
hospital, where it was noted that he had suffered a stroke, manifested 
by left motor and sensory paralysis and left homonymous hemianopia. 
Arteriography revealed occlusion of the innominate artery, presum- 
ably by a thrombus (fig. 2). He was taken immediately to surgery, 


zation of brachial artery from suprascapular and descending scapular branches 
of thyrocervical trunk to circumflex scapular and thoracodorsal branches of 
subscapsular artery. Collateral arteries are not well developed, indicating rela- 
tively recent subclavian-axillary occlusion. 





Fig 3.—CT scans of brain. Infarcts in right basal ganglia, right occipital lobe, and right cerebellar 
hemisphere. 


where a large amount of clot was removed from the innominate and 
right subclavian arteries and a smaller amount from the proximal 
segment of the right common carotid artery. After slow, but satisfac- 
tory, recovery, the patient began a rehabilitation program. 

He first came under the care of one of us (W. S. F.) on September 
29, 1980, and was admitted to another hospita! for further assess- 
ment. At that time he was walking with only minimal difficulty, but 


AJR: 146, April 1986 












B 


had residual muscular weakness of the entire left upper extremity 
and left facial weakness. 

His visual fields were full tc confrontation testing when a single 
stimulus was presented from either side, but there was obvious 
inattention to the left visual field when simultaneous stimuli were 
presemted from both sides. Neuroophthalmologic assessment re- 
vealed an incongruous left upper homonymous quadrantanopia. 
Some acquired myopia secondary to ciliary spasm was also present. 

Examination by computed -omography (CT) on September 30, 
1980, revealed large infarcts in the right basal ganglia, the right 
occipital lebe, and the right cerebellar hemisphere (fig. 3). It was 
presumedithat these were emtolic and had originated at the time of 
acute occlusion of the innomnate artery on July 30, 1980. The 
appearance of the infarcts has remained basically unchanged on 
follow-up CT studies despite p-ogressive Clinical recovery. Arteriog- 
raphy on October 1, 1980, showed rounding-off of the subclavian 
artery after surgery (fig. 4A). Collateralization of the brachial artery 
remained slow (fig. 4B), to the extent that one could not study the 
distal upper extremity even with selective injections into the supra- 
scapular collateral. During the late phase of the suprascapular study, 
the subclavian vein was seen -o narrow considerably as it crossed 
the first rib (fig. 4C). The intracranial circulation was unremarkable 
except fora slightly delayed flow in the posterior temporal branch of 
the right middle cerebral artery. 

It was believed that the best hope for complete athletic rehabilita- 
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Fig. 4.—Postoperative selective subclavian angiography. A, Distal end of 
subclavian artery lumen rounded after thrombectomy. Right carotid and verte- 
bral arteries are patent. B, Selective suprascapular angiogram. Thyrocervical/ 
subscapular collaterals remain small. Contribution of internal mammary artery 
to brachial circulation is negligible. C, Thoracic outlet compression also involves 
subclavian vein, which becomes markedly narrowed as it crosses first rib 
(arrow). 


tion would be a subclavian-brachial bypass, using an external iliac 
artery as an autograft. This was the procedure the patient chose 
after all options, both surgical and nonsurgical, had been discussed 
with him. He was then transferred to a third hospital (out of state), 
where surgery was performed on October 14, 1980. 

Because of the patient's height (203 cm) and weight (118 kg), both 
external iliac arteries were harvested and sutured end-to-end to form 
a new subclavian-axillary conduit. The external iliac arteries were 
replaced with synthetic grafts. In addition, a right first rib resection, a 
scalenectomy, and an upper thoracic sympathectomy were per- 
formed. The patient tolerated the lengthy procedure very well, and 
his recovery was uneventful. When he was released from the hospital 
on October 25, 1980, the blood pressure in the right arm was normal 
and equal to that in his left arm, and there was no bruit audible over 
the graft. Slight numbness remained in the right middle finger but 
appeared to be resolving. 

He returned to the care of one of us (W. S. F.) and entered a 
physical fitness program. By January 1981, the strength of his left 
upper extremity was almost normal, but both still showed residual 
increase of tendon reflexes. The left facial weakness was no longer 
apparent. Although repeat neuroophthalmologic assessment re- 
vealed no left visual field defect, a perceptual deficit still seemed to 
be present. As is often observed in patients with right cerebral 
hemisphere lesions, both his depth perception and his ability to 
transfer two-dimensional planes into three-dimensional displays were 
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Fig. 5.—Subclavian arteriogram 3 years after stroke. Arterial conduit con- 
Structed from external iliac arteries serves as subclavian/axillary bypass auto- 
graft. 


disturbed. The most frequent error that he made during the testing 
appeared to be that of rotation of objects in space. Later, during 
Spring training, this deficit made it difficult at first for him to catch 
balls that were returned to his left side by the catcher, but, subse- 
quently, he overcame this handicap. 

At the end of spring training, the patient was placed on the disabled 
list and not reactivated until midsummer. He did, however, continue 
an intensive rehabilitation program, working out with the other players 
when the team was “at home,” and was provided an opportunity on 
several occasions to pitch at batting practice. On September 1, 1981, 
he was reactivated and accompanied the team both at home and 
away. 

The patient was seen for follow-up on January 13, 1982. No 
neurologic abnormality was apparent. Pulses and blood pressures 
were normal and equal in both arms. The right arm was warmer than 
the left, the result of the sympathectomy at the time of the second 
operation. Although 7 kg heavier than his usual playing weight, the 
patient was in excellent physical condition. Nevertheless, he had 
considerable difficulty in regaining his previous level of performance 
and was, therefore, sent to a minor league club. He gradually worked 
his way up to AAA level and was returned to the major league roster 
on September 1, 1982. 

During the fall and winter of 1982-83, he worked extremely hard 
to maintain his physical condition. His emotional state and his attitude 
improved considerably, and when he returned for spring training, he 
had regained much of his old form. Unfortunately, when the team 
broke training to play some exhibition games before the regular 
season, he developed intermittent claudication in the left calf. He was 
examined again on March 3, 1983, and noted to have no dorsalis 
pedis or popliteal pulses on the left. The left femoral pulse was barely 
palpable, and there was an audible bruit over the femoral artery in 
the groin. The history and physical findings suggested occlusion of 
the prosthetic graft that had been inserted as a substitute for the 
external iliac artery in the fall of 1980. 

Arteriography on March 3, 1983, revealed complete occlusion of 
the left external iliac graft, narrowing of the right external iliac graft, 
complete occlusion of the left distal radial artery, and a normal right 
subclavian/axillary conduit (fig. 5). (The radiologist believed that the 
occlusion of the left distal radial artery was probably iatrogenic: An 
arterial line must have been inserted in the distal radial artery at the 
time of one of the operations. The artery had been completely 
replaced functionally by the ulnar artery, which offered excellent blood 
flow to the entire wrist and hand.) 
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The left external iliac artery graft was bypassed, using a graft 
made of different material. The patient's recovery was uneventful, 
and repeat arteriography demonstrated a patent, smooth left iliac 
graft with normal blood flow. 

The patient once again began a reconditioning program and was 
able to increase his activity without any recurrence of the claudication. 
In June 1983, he returned to active training, pitching regularly and 
participating in other physical pursuits. 

Before the start of the 1984 season, however, his contract expired, 
and he was placed on waivers. He was not picked up by any other 
team and, therefore, decided to retire from professional baseball. At 
the present time he is working regularly, Supervising a sports program 
for minority youths, and continues to keep himself in good physical 
condition. He is neurologically normal on examination, but brain CT 
still shows the same hypodense lesions that were present at the time 
of his initial evaluation in 1980. 


Discussion 


Our mammalian predecessors carried their front legs ina 
dependent position so that they could stand on all four limbs. 
When we became bipeds and assumed an upright posture, 
our arms became parallel to the trunk. This moved the nerves, 
arteries, and veins (which leave the thorax to pass into the 
arm) laterally and increased their angle of flexion. The com- 
bination of this acute angle with Stretchimg caused by the 
weight of the upper limbs might be expected to produce a 
thoracic outlet syndrome in everyone, but the Support pro- 
vided by the muscles of the shoulder girdle is normally ade- 
quate to compensate for this anatomic arrangement. If, how- 
ever, this support fails or if the neurovascular bundle or the 
bony outlet from the thoracic cage is anatomically abnormal, 
the nerves, artery, or vein may become stretched or com- 
pressed [2]. 

All shoulder girdle compression syndromes have one com- 
mon feature, namely, compression of the brachial plexus, the 
subclavian artery, and subclavian vein, usually between the 
first rib and the clavicle [3]. With elevation of the upper limb, 
there is a scissorlike approximation of the clavicle superiorly 
and the first rib inferiorly [4]. Grouping the various conditions 
under the single heading of thoracic outlet syndrome has 
resulted in more correct diagnoses and improved therapy. 
This syndrome should be considered in all neurologic and 
vascular complaints of the arm previously reported as sca- 
lenus anticus, hyperabduction, costoclavicular, cervical rib. 
fractured clavicle, cervicobrachial compression, pneumatic 
hammer, effort vein thrombosis, subcoracoid pectoralis minor, 
and first thoracic rib syndromes [5]. 

Our case involved retrograde propagation of a right subcla- 
vian artery thrombus into the brachiocephalic trunk. Such an 
occurrence, although rare, was first reported by Gould in 
1884 [6] and again in 1887 [7]. Symonds [8] subsequently 
reported two cases of thrombosis of the subclavian artery 
accompanied by contralateral hemiplegia of sudden onset, 
probably caused by embolic infarction. As one might expect, 
the lesion in all published cases has been on the right side, 
since only on that side does circulation to both the head and 
arm originate in a common trunk from the aorta [9]. In all 
cases thus far reported, a latent period of 3 months to 3 years 
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has elapsed between the onset of upper limb symptoms and 
the occurrence of hemiplegia. Although this complication is 
uncommon, it must be anticipated and prevented because its 
consequences are potentially devastating. We believe that 
the chiropractic manipulation on our patient had no bearing 
on the events that followed. Strokes after such maneuvers 
involve the territory supplied by the vertebrobasilar arterial 
circulation. To our Knowledge no cases have been reported 
that involve the carotid middle cerebral circulation [10]. 


Diagnosis 


A detailed history from the patient is the best aid in arriving 
at a proper diagnosis of thoracic outlet compression syn- 
drome. Symptoms may originate from nerve compression 
(paresthesias, numbness, pain, weakness), from arterial 
compression (coolness, pallor, claudication, pain, numbness, 
weakness), or from venous compression (edema, skin discol- 
oration, fatigue, prominent venous pattern over arm, shoulder, 
or chest) [11]. If the sympathetic nervous system is involved, 
the condition can lead to Raynaud phenomenon. When the 
subclavian artery is compressed, poststenotic dilatation or an 
aneurysm can be produced distal to the site of stenosis. 
These dilatations or aneurysms can become thrombosed or 
can act as foci for repeated small distal emboli [4]. In some 
instances, amputation has been necessary because of re- 
peated embolization and gangrene. 

The symptoms in thoracic outlet syndrome are related to 
arm position and use and are aggravated by sustained activity 
that stresses the shoulder girdle such as combing or blow- 
drying the hair; reaching; holding a newspaper, telephone, or 
steering wheel; or hammering. A participant in any sport that 
requires a repettive violent throwing motion is a potential 
candidate for thoracic outlet compression. 

Symptoms are more common in those baseball players 
whose throwing motion is overhand rather than sidearm. They 
also occur in cricket bowlers whose throwing motion is tra- 
ditionally overhand and in oarsmen who engage in repetitive 
rhythmic hyperabduction of both shoulders. 

Strukel and Garrick [12] published what they believed to 
be the first case reports of thoracic outlet compression in 
athletes. Three of their four cases were in baseball players, 
aged 16, 17, and 20 years. One of us previously reported 
brief case histories of three other major league pitchers who 
suffered from thoracic outlet compression symptoms [1]. This 
author has learned subsequently of two others undergoing 
surgery successfully during 1984; these athletes have both 
resumed pitching (Yao JST, personal communication). We 
are also aware of another case report of a left-handed major 
league pitcher in whom a subclavian artery thrombosis had 
occurred. After surgical intervention had solved his problem, 
he was able to return to pitching [13]. He was not at risk for 
a stroke because his occlusion was on the left side. 

Objective findings are often minimal or absent and leave 
one with a clinical diagnosis based largely on subjective 
symptoms. The Adson, costoclavicular, and hyperabduction 
tests are not consistently and unequivocally positive in repro- 
ducing symptoms and, conversely, may produce radial pulse 
obliteration in asymptomatic subjects [14]. Telford and Mot- 
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tershead [15] found that, of 120 healthy medical stucents, 
38% had obliteration of the radial pulse with shoulder aepres- 
sion, 68% with shoulder retraction, and 54% with shoulder 
abduction. These tests are helpful only when the symptoms 
produced clearly simulate the patient's complaints and cor- 
relate with accompanying changes in the radial pulse. 

Radiographs of the chest, cervical spine, and shoulder may 
suggest the cause of a thoracic outlet compression only when 
a gross anomaly such as a visible cervical rib is present. 
Blood-flow studies using the Doppler technique are useful in 
confirming that arterial flow diminishes or ceases during pos- 
tural tests. Nerve conduction-velocity studies are valuable in 
differentiating thoracic outlet syndrome from other neurologic 
diseases and also as a guide to therapy [16]. Angiocraphy 
offers the most precise method of locating the ste of 
compression when the artery or vein is involved; it should be 
performed with the arm in a neutral position and repeated 
during postural maneuvers that produce alterations in the 
distal pulse [14, 17]. 


Treatment 


Nonoperative. In early and mild cases, conservative therapy 
may suffice. Any of several techniques may be effective: 
avoiding hyperabduction and obesity; improving posture by 
elevating shoulders; exercising to strengthen shoulder girdle 
muscles; cervical traction; moist heat; ultrasound; and rest 
from all activities [4]. 

Operative. The aim of surgery is to create an adequate 
passage for the neurovascular bundle. Certain patients re- 
quire resection of bony abnormalities, such as prolonged 
transverse processes, a cervical rib, or other congenital or 
acquired abnormalities. In most patients, transaxillary ~esec- 
tion of the first rib and scalenotomy is favored today [4]. 

Once vascular symptoms appear and a cervical rib i£ pres- 
ent, it should be removed. Schein et al. [18] recommend 
replacement of the affected segment of the subclavian artery 
with a homograft to restore normal blood flow and p-event 
further emboli or thrombosis. (In athletes, a homograft [from 
an artery bank] may not withstand repetitive stress 2 well 
as an autograft [from the patient's body], as was used in our 
patient.) In cases of brachial embolus, the distal vessel is 
occluded, and placing a graft does not improve the circulation 
to the hand and forearm to an extent greater than would be 
accomplished by a sympathectomy. Rob and Standeven [19] 
subscribed to the idea that, since an upper thoracic ganglio- 
nectomy could be done in a few minutes, it should always be 
done to secure rapid and maximal dilatation of the cobateral 
channels. 

Patients with thromboembolism and angiospastic ph2nom- 
ena of a severe degree, or those with thrombosis and occlu- 
sion of a major artery in the arm, require some arterial surgical 
procedure and, in addition, a cervicothoracic sympathectomy. 
For this type of operation, most surgeons have used the 
transaxillary approach. 

When feasible, the artery should be directly reconstructed 
or bypassed to restore adequate flow in the arm and p`event 
further emboli or retrograde thrombosis from the afected 
segment of the subclavian artery [20]. When this is impcssible 
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or inadvisable, further distal embolization should be prevented 
by ligating the artery distal to the points of compression. One 
should recognize that a cervical rib is not an essential require- 
ment for this syndrome, since any situation that results in 
prolonged or repetitive compression of the subclavian artery 
can lead to the mural and intimal changes that predispose to 
thrombosis and distal embolization. 

The importance of early diagnosis and treatment of the 
syndrome must be emphasized. Vigorous investigation is 
required, particularly in the symptomatic athlete. A progres- 
sively shorter time interval from beginning of daily workout to 
onset of symptoms is an ominous sign of impending disaster, 
and investigation and treatment become matters of great 
urgency. With its typical historic/clinical presentation, the 
syndrome requires only our most basic diagnostic modality: 
Listen to the patient; he may be telling you the diagnosis. 
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Time Requirements for 
Intraoperative 
Neurosonography 





The time requirements needed for radiologists to perform intraoperative neuroson- 
ography were analyzed. Eighty-five consecutive intracranial and spinal operative pro- 
cedures were prospectively monitored, and it was found that (1) the average length of 
time spent in the operating room by the radiologist was 1 hr in spinal cases and 52 min 
in intracranial cases; (2) the wide range of time spent in each case depended on the 
complexities of the operation; (3) only one-fifth of the radiologist’s time in the operating 
room was spent performing the study and interpreting the sonograms; and (4) 24% of 
cases were either emergencies or were performed after normal working hours. It may 
be helpful to take these factors into consideration when there are plans to offer the 
service of intraoperative neurosonography. 


The usefulness of intraoperative neurosonography (IONS) in many spinal and 
cranial operations has been well documented. Despite this fact, a widespread 
implementation of sonographic imaging in the neurosurgical operating room has 
not occurred. This, we believe, is related to a feeling of uncertainty concerning the 
time commitment required once a radiology department agrees to provide this 
imaging service. To compile accurate information addressing the problem of man- 
power logistics for IONS, we conducted a prospective analysis of the time require- 
ments for IONS procedures. The results of that study are presented here in hopes 
that this information will provide a foundation on which the decision of whether or 
not to provide IONS services can, in part, be made. 


Subjects and Methods 


Eighty-five consecutive IONS procedures performed over a 62 month period were evalu- 
ated by means of a log sheet that was filled out in every case by the attending radiologist. 
All of the intraoperative sonographic examinations were supervised and interpreted by one 
of the two authors of this article, each of whom had 24 months prior experience in the 
interpretation of IONS examinations. 

An aide from the sonography section was assigned to each case, and generally that person 
arrived in the operating room in advance of the radiologist to assure that the equipment was 
set up properly and that there would be no delays in performing the examination. In every 
case the radiologist was present whenever sonography was performed. In no cases were 
the images interpreted by the surgeon alone without the radiologist being in the operating 
room as an active consultant. The disadvantages of having the surgeon perform and interpret 
the IONS examination alone have been expressed [1]. The surgeons strove to minimize the 
radiologist’s time in the operating room by requesting his presence no earlier than necessary. 
All attempts were made by the surgeons to inform the radiologist of the need for IONS well 
in advance of the surgery. 

The following information was obtained on each case: type of examination, whether it was 
scheduled or nonscheduled, the time the radiologist and aide entered and left the operating 
room, whether the radiologist was able to leave the operating room during the surgery (i.e., 
whether the IONS services were rendered in phases), and the time spent in the operating 
room actually performing and interpreting the sonographic examination. This information was 
then collated and analyzed. 
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Results 


Table 1 summarizes part of the data in the major categories 
of surgical procedures. The procedures are listed in order of 
their time requirements from the least time-consuming (routine 
lumbar diskectomy in the spinal category and ventriculoperi- 
toneal shunt in the cranial Category) to the most time-consum- 
ing (shunting spinal cysts in the spinal category and brain 
biopsy in the cranial category). The reasons for the wide 
range of time requirements in each of the categories is 
addressed in the Discussion. | 

In addition to the six categories of spinal operations and 
the three categories of cranial operations, there were five 
cases of disk removal that were not considered routine or 
were performed in conjunction with other spinal surgical pro- 
cedures, five spinal cases termed miscellaneous because they 
did not fit into any one. of the major surgical categories, and 
four cranial cases also termed miscellaneous because they 
likewise did not fit into any one of the major surgical cate- 
gories. These are listed in table 2. Since all of these proce- 
dures were so different from one another, they were not 
tabulated separately in table 1, but the time required to 
perform each sonographic examination was included in the 
Calculation of the overail time requirement. 

When all these procedures were considered together, an 
average of 60 min of a radiologist’s time was required for the 
spinal cases and 52 min for the cranial cases. In 18 (21%) of 
the 85 cases there were long enough periods of time during 
the surgery when sonography was not required so that the 
radiologist could leave the operating room. In those cases, 
the average length of time out of the operating room was 48 
min. 

In most cases the aide arrived in the operating room before 
the radiologist in order to set-up the equipment and left after 
the radiologist with the sonographic equipment. As a result, 
the aide spent on the average seven more minutes in the 
operating room than did the radiologist. When the sono- 
graphic examination was done in phases, the aide left the 
operating room only when there was other work to be done 
In the sonography section. The sonographic equipment never 
left the operating room until the case was completed, even if 
the examination was done by the radiologist in phases. 

While in the operating room, an average of 10 min (17% of 
our time) in the spinal cases and an average of 11 min (21% 
of our time) in the cranial cases was spent actually performing 
and interpreting the sonographic examination. 

Of the 85 cases, seven were emergencies and 13 were 
scheduled cases that either began so late in the day or the 
procedure took so long that the examination was performed 
after normal working hours (after 5 p.m.). The seven emergen- 
cies were five Harrington rod instrumentations, one lumbar 
diskectomy, and one ventriculoperitoneal shunt. if the emer- 
gency cases are added to those cases in which sonography 
was performed after hours, nearly one of four cases (20 of 
85) fell into this “unpredictable” category. 


Discussion 


Sonographic imaging in the neurosurgical operating room 
has recently been recognized as having a significant impact 
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TABLE 1: Time Requirements for Intraoperative 





Neurosonography 
i Average No. of Minutes of 
Type of Sonographic No. of Radiclogist's Time (Range) 
Procedure Patients in Operating Involved in 
Room IONS Procedure 
Spinal (n = 55): 
Routine lumbar 
diskectomy ......... 4 30 (10-60) 7 (2-10) 
Bony decompression for 
canal stenosis ....... 11 44 (10-100) 7 (6-14) 
Bullet removal......... 5 53 (25-105) 9 (6-15) 
Soft-tissue mass 
resection........... 10 54 (25-135) 11 (5-28) 
Harrington rod 
instrumentation ...... 9 57 (40-90) 8 (4-15) 
Shunting spinal cysts ... 6 106 (65-160) 22 (16-34) 
Complex diskectomy... . 5 n 
Miscellaneous......... 5 j ü 
Cranial (n = 30): 
Ventriculoperitoneal 
shunt acd clea ee 9 19 (10-45) 8 (2-10) 
Soft-tlssue mass 
resection. .......... 11 50 (10-75) 10 (5-20) 
Brain blopsy .......... 6 95 (65-105) 17 (10-32) 
Miscellaneous ......... Š * 
See Results and table 2. 


TABLE 2: Miscellaneous and Complex Diskectomy Cases 


Procedures (No. of Cases) 
Complex diskectomies: 
Traumatic disk and pseudomeningocele repair (1) 
Multilevel! diskectomy (1) 
Thoracic diskectomy (1) 
Diskectomy plus bony decompression (2) 
Miscellaneous spinal: 
Posttraumatic spinal cord cyst suspected but only myetomalacia 
found (t) 
Bone fragment removal from canal (1) 
Obstructed catheter In spinal cord cyst suspected, but cyst found 
to be collapsed (1) 
Cord Imaging prior to dorsal root entry zone laser application (2) 
Miscellaneous cranial: 
Subdural evacuation and ventriculoperitoneal shunt (1) 
Locating, removing, and replacing ventricular catheter (1) 
External ventricular drain (1) 
Shunting suprasellar subarachnoid cyst (1) 





on surgical management during various intracranial and spinal 
procedures. Documenting the proper positioning of ventricular 
shunt catheters [2, 3], localizing and characterizing intracra- 
nial masses [3-10], localizing and characterizing intraspinal 
masses [11-15], demonstrating the effectiveness of Harring- 
ton rod instrumentation [16], guiding the positioning of shunt 
catheters into intraspinal cysts and confirming their subse- 
quent collapse [17], and identifying the position of intraspinal 
metallic foreign bodies and assuring the removal of all such 
fragments [18, 19] are areas where IONS has proved its 
usefulness. Despite this, radiologists have been reluctant to 
incorporate this imaging service into their practice, because, 
in our opinion, they are wary of the time and manpower 
commitment required of them if IONS services were offered. 
Our time study substantiates the notion that IONS is a pro- 
cedure requiring a significant allotment of time, despite rea- 
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sonable efforts to minimize the radiologist's time in the oper- 
ating room. Specifically, if all the cases are consider’ 
gether, an average of 1 hr was spent in the spinal sonog» uphic 
examinations, whereas an average of 52 min was spent in 
the intracranial examinations. The sonographic aide spent a 
slightly longer time in the operating room than did the radiol- 
ogist. 

As would be expected, a wide range of time is spent by 
the radiologist in the operazing room depending on the com- 
plexity of the cases or the intraoperative difficulties encoun- 
tered. In routine lumbar diskectomies, the range of time (10- 
60 min) depended on whether disk removal was confirmed 
on the sonographic examination; the necessity of removing a 
residual, unsuspected disk “ragment identified by sonography 
prolonged the time. Similarly, in bone decompression for canal 
stenosis. the failure to remove an adequate amount of bone 
as documented by sonogradhy can require additional surgery 
and thus prolong the radiologist’s time in the operating room 
to as long as 100 min. In cases of either a diskectomy or 
bony decompression, the very short times (10 min) shown in 
table 1 were a consequence of being called to the operating 
room after the surgeon had successfully removed the disk or 
decompressed the canal. In those cases, sonography served 
only to confirm the adequacy of the procedure. Difficulties 
encountered during removal of bullet fragments included lo- 
calization and removal of fragments imbedded in dense scar 
tissue and also discovering unsuspected associated surgically 
correctable abnormalities such as posttraumatic subarach- 
noid and intramedullary cysts. This accounted for the prolon- 
gation of operating room time up to 105 min in a number of 
those cases. 

The identification, removal, and/or biopsy of soft-tissue 
masses of the spinal canal end cord caused the length of time 
to vary considerably depending on the difficulty of the oper- 
ation. Likewise, in Harrington rod insertions, the time spent 
in the operating room depended on whether the initial instru- 
mentation adequately decompressed the canal. Monitoring 
the placement of catheters nto intramedullary and subarach- 
noid cysts with shunting of the cysts into the adjacent sub- 
arachnoid space typically was the most time-consuming study 
(up to 160 min). The necessity of defining the entire configu- 
ration of these cysts, including the presence of intracyst 
septations, and subsequent y documenting adequate collapse 
of the cysts after shunting accounted for the long time spent 
in the operating room. 

Monitoring ventriculoperitoneal shunt placement was usu- 
ally arapid study, since passage of the catheter into markedly 
enlarged ventricles is a simple procedure. Only when the 
ventricles were mildly enlarged was some difficulty encoun- 
tered in properly placing tre catheter within the ventricular 
system. In those cases, repeated catheter passage prolonged 
the sonographic examinaticn up to 45 min. A wide range of 
time requirements was noted in both those examinations 
performed during the remcval of an intracranial soft-tissue 
mass and in those cases ir which sonography was used to 
guide the tissue biopsy needle into a brain mass. In the latter 
type of surgery, ocalizing a deep lesion was often difficult, 
but, more often, the extens:ve time requirements (up to 105 
min) were related to the need of waiting for the results of the 
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frozen section and the need to repeat the sonographic guid- 
ance of the tissue biopsy needle if the pathologic report was 
negative. 

The time spent in the operating room is most dependent 
on the length of the surgical procedure itself. We have found 
that there is very little the radiologist can do to shorten the 
time required in the operating room. In an effort to minimize 
this time, however, we left the operating room whenever it 
was believed that a sufficiently long period of time (at least 
20 min) would exist between parts of surgery requiring IONS. 
Despite this attempt to use our time efficiently, we found that 
only about one-fifth of our time in the operating room was 
spent performing and interpreting IONS. This was related to 
the fact that, although there were gaps of time where IONS 
was not needed, those periods of time were often not long 
enough to warrant leaving the operating room. In about one 
out of five cases, however, we were able to leave and return 
at a later time. In addition, in our experience the indications 
for IONS have not changed. It is used frequently for intracra- 
nial procedures and is used almost uniformly during spinal 
surgery. 

The sonographic examinations did not significantly prolong 
the surgical time (see table 1). We believe that it actually had 
the opposite effect, specifically it decreased the overall sur- 
gical time by providing the surgeon an instantaneous and 
accurate depiction of the progress of his surgery. 

Our report indicates that a substantial amount of time is 
required for proper sonographic imaging in the neurosurgical 
operating room. Optimum service is provided if one radiologist 
is assigned to IONS as a priority responsibility each day. Ina 
hospital with a highly active neurosurgical and orthopedic 
service and particularly one that deals with a significant 
amount of spinal trauma, emergency IONS must be expected. 
The existence of these cases and those extending into the 
evening hours means that the provisions for them must also 
be made in the daily schedule. 

Despite these logistical problems, we believe that the ben- 
efits of IONS to the patients’ ultimate welfare is so significant 
that strong consideration should be given to its incorporation 
into a radiology practice. 
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Neurosarcoidosis Responding to Steroids 


L. D. Reed,’ S. Abbas,’ C. R. Markivee,' and J. W. Fletcher? 


A case of isolated neurosarcoidosis is presented. It is of 
interest because of the unusual manner of clinical presenta- 
tion, the rarity of neurologic sarcoid, and the dramatic re- 
sponse to steroid treatment. The CT findings are character- 
istic of previously reported cases, and the first magnetic 
resonanee (MR) images of neurosarcoidosis are presented. 


Case Report 


A 34-year-old man presented in January 1984 with a 1 year history 
of orgasm without ejaculation. His history was remarkable in that he 
had been evaluated extensively in late 1982 and early 1983 for 
unexplained weight loss. On both admissions, physical findings, 
laboratory tests, and chest and skull radiographs, including high- 
resolution CT views of the sella turcica, were normal except for low 
levels of gonadotropic hormones. Levels of angiotensin-converting 
enzyme were normal. A diagnosis of mild pituitary insufficiency with- 
out specific etiology was made. 

He responded with weight gain to empirical treatment with steroids 
but, despite testosterone injections, continued to complain of inability 
to ejaculate. He was readmitted to evaluate his genitourinary system 
and endocrine status. Physical findings on admission were normal 
except forsmall testicles. No splenomegaly or adenopathy was noted. 
Laboratory studies demonstrated diabetes insipidus and hypopitui- 
tarism. A repeat CT examination at our institution in January 1984 
demonstrated a small enhancing lesion in the region of the suprasellar 
cistern that was suspicious for a pituitary adenoma with superior 
extension into the cistern (fig. 1A). In view of the patient's normal 
visual fields and minor degree of endocrinologic dysfunction, it was 
determined that the lesion should be managed expectantly and that 
the patient should receive hormonal replacement. 

Five months later he was admitted to the neurosurgery service 
with complaints of progressive lethargy. Visual field examination at 
this time revealed a superior nasal field defect in the right eye. Lumbar 
puncture demonstrated a protein value of 187 mg/dl, glucose 67 mg/ 
dl. and white blood cell count of 15/mm°?, 85% of which were 
lymphocytes. CT and MRI were performed during this admission. The 
CT study revealed a large, irregularly enhancing, hypodense area in 
the hypothalamus with lateral extension into both basal ganglia and 
to the area of the right internal capsule (fig. 1B). The MRI study was 
performed using the Technicare Teslacon 0.15 T (1.5 KG) resistive 
magnet unit. No definite abnormalities were seen on spin-echo (SE) 
sequences, with 30 msec echo times (TE) and 530 msec repetition 


times (TR) (SE 30/530), but a large area of increased signal intensity 
was observed on the SE 30/1030 and SE 90/2090 images involving 
the hypothalamus and extending laterally into the temporal horn on 
the right (fig. 1C). 

The patient underwent craniotomy and biopsy, which showed 
nodular lesions of the dura, arachnoid, and cortical surface near the 
optic chiasm. Microscopic examination revealed noncaseating gran- 
ulomas consistent with sarcoidosis. 

Prednisone was started on a 60 mg daily basis. Clinical improve- 
ment was dramatic. CT after 6 weeks of steroid therapy and MRI 
after 8 weeks of therapy demonstrated nearly complete resolution of 
the abnormal regions (figs. 1D and 1E). The patient has been followed 
to the present time and has had several repeated exacerbations 
necessitating readmission and reevaluation. All exacerbations have 
been associated with attempts to reduce steroid administration be- 
cause of carbohydrate intolerance. In each instance, the MRI study 
has demonstrated recrudescence of the abnormal image findings, 
which have subsequently improved along with the clinical symptoms 
when the steroid dose was increased. 


Discussion 


The prevalence of central nervous system involvement in 
sarcoidosis is about 3%-5% [1-8]. Mass lesions, most often 
seen in the region of the hypothalamus, pituitary gland, and 
suprasellar cistern, or multiple smaller granulomata may be 
demonstrated on CT. As in our case, lesions generally dem- 
onstrate nonuniform contrast enhancement. Meningeal in- 
volvement also occurs. 

The response of neurosarcoidosis to steroid therapy is 
somewhat variable [1, 4, 6-8]. Bahr et al. [1] reported symp- 
tomatic improvement in five of six patients treated with steroid 
therapy alone. Griggs et al. [2] reported marked improvement 
of a patient within 3 weeks, and Brooks et al. [6] provided an 
example of significant improvement within 4 days of the 
initiation of steroid therapy. The marked improvement of our 
patient after 6 weeks of steroid treatment appears to be 
typical of the steroid-sensitive subset of these lesions. 

CT and MRI both demonstrated regions of abnormality in 
this case. The abnormalities on MRI were not readily identified 
when the short TE/TR (30/530) T1-related SE sequence was 
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Fig. 1.—A, Initial contrast-enhanced CT scan. 
Small enhancing suprasellar lesion. B, 5 months 
later. Extensive enhancing abnormality. C, Axial SE 
90/2000 image. Large area of increased signal in- 
tensity. D, Contrast-enhanced CT scan after 6 
weeks of steroid therapy. E, Axial SE 30/1000 
image after 8 weeks of steroid therapy. 


used. A large high-intensity area of abnormality was readily 
identified on the proton-density and T2-related SE sequences 
that was more extensive than the CT-identified abnormality. 
The CT and MRI findings in this case are nonspecific and 
the differential diagnosis from the results of these studies is 
extensive, including inflammatory, infectious, neoplastic and 
idiopathic etiologies. The biopsy demonstration of noncaseat- 
ing granulomas limits the differential considerations to gran- 





ulomatous conditions such as sarcoidosis, brucellosis, syphy- 
lis, tuberculosis, leprosy, cat-scratch fever, glanders, and 
mycotic infections such as histoplasmosis. The repeatedly 
dramatic and complete responses to steroid therapy are most 
typical of neurosarcoidosis. 

Serial monitoring with MRI will be feasible since clinical. 
CT, and MRI findings have demonstrated repeated improve- 
ment corresponding to steroid administration. Because of the 
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dramatic response of neurdsarcoidosis to steroids, a trial of 
steroids when the diagnosis appears to be established, as in 
this case, should be consicered. 
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Limitations of Indium-111 
Leukocyte Scanning in 
Febrile Renal Transplant 
Patients 





Indium-111-labeled leukocyte scanning was evaluated as a technique for investigating 
possible abscess as the cause of fever in 10 renal allograft recipients under therapy for 
rejection, acute tubular necrosis, or urinary infection. The usefulness of the method in 
this setting was found to be limited by marked nonspecificity of renal, pulmonary, and 
other focal leukocyte accumulation. Although wound infections were correctly identified, 
false-positive scans resulted in multiple nonproductive consultations and radiologic 
procedures (some invasive) and contributed to the decision to perform one negative 
exploratory laparotomy. Such generalized nonspecificity in this patient population is in 
distinct contrast to the experience with this diagnostic test in nontransplant patients, 
and has not previously been reported. Possible explanations and implications of these 
findings are discussed. Consequently, great caution is recommended in the use of 
indium-111 leukocyte scans to diagnose infection in febrile renal transplant patients 
who present in a similar clinical setting. 


During the last several years, indium-111-labeled autologous leukocyte ('"'In 
WBC) scans have been used successfully in detecting abscesses and inflammatory 
processes [1-4]. Fever in the renal transplant patient continues to present a 
diagnostic challenge. Recent studies have suggested the utility of '''In WBC scans 
in the clinical evaluation of renal transplant patients [5, 6]. This retrospective review 
was undertaken to assess the reliability and yield of this imaging technique in renal 
allograft recipients with fever of uncertain etiology and possible occult abscess. 


Materials and Methods 
Patients 


Ten renal transplant patients aged 18-57 years had 14 '''In WBC scans (obtained during 
an 18 month interval) after informed consent for evaluation of “fever of uncertain etiology and 
possible occult abscess.” This retrospective study includes all the '''In WBC scans obtained 
during this time interval in patients presenting with a possible pyogenic source of fever after 
renal transplantation (total renal transplantation surgeries, 59). 

Nine of the patients were cadaver graft recipients. All were on immunosuppressive agents 
(eight were receiving Imuran and prednisone and two were receiving cyclosporin A and 
prednisone). All were receiving antibiotics. Blood leukocyte counts ranged from 2400 to 
21,000/mm*. Two patients were leukopenic (less than 4000 WBCs/mm‘’). No patient was 
neutropenic (less than 1500 granulocytes/mm*%). Renal function at the time of imaging was 
variable, with serum creatinines ranging from 1.2 to 13.7 mg/dl (median 3.8 mg/dl). Cases 3, 
6, and 7 (table 1) required hemodialysis and case 4 had peritoneal dialysis. 

The 14 '''ln WBC scans were obtained 14-72 days after transplantation. All of the patients 
had concurrent abdominal sonography, renal scintigraphy, and chest radiographs. Patients 
had serial blood cultures and serial cytomegalovirus (CMV) serologies with cultures of buffy 
coat and urine for CMV. Abdominal computed tomography (CT) was performed in four 
patients. 
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Case No. (age, gender) — 


"In Leukocyte Scanning Results 

















; Transplant i Lung i Wound 
i 1+ 0 0 
PST WN bao oo swndadda es 1+ 2+ 4+ 
ce | EO 2+ 1+ 3+ 
CY es er 2+ (INF) 1+ 2+ 
2+ (INF) 1+ 2+ 
ACTA E 1+ 0 0 
1+ 1+ 0 
6 (22, M). ooa. 1+ 1+ 0 
as A 2+ (SUP) 2+ 0 
S163, Wisc coe os bee vena 1+ 1+ 0 
9 (57, F) aa. 1+ 1+ 0 
HERR aeaceirekii utoka 1+ 0 0 
1+ 1+ 0 
1+ 1+ 0 











Clinical Data 
Other 

0 Rejection 

0 Rejection, wound infection 

0 Rejection, ATN, wound infection 

0 Rejection, wound infection, inferior pole 

0 infarct 

2+ Sinuses Rejection 

1+ Mandible 

2+ Colon 

3+ Mid pelvis ATN, sepsis, pelvic hematoma 

4+ Colon Rejection, UTI, peritransplant hematoma, 
fecal impaction 

0 UTI, disseminated CMV, perivesicular 
serous fluid 

0 UTI, urosepsis, uninfected periureteral 
fluid 

2+ Left abd UTI, chronically infected left polycystic 

2-3+ Mid pelvis kidney 


Note.—Scan intensity scoring: 0 = background; 1+ = equal to marrow uptake; 2+ greater than marrow but less than liver uptake; 3+ = equal to liver uptake; 4+ = equal to or greater 
than spleen uptake. Rejection refers to renal transplant rejection. UTI = urinary tract infection; ATN = acute tubular necrosis; INF = inferior pole; SUP = superior pole; abd = abdomen; CMV 


= cytomegalovirus. 


Scintigraphy 


Autologous leukocytes were separated and labeled with indium- 
111 oxine using a modification of the Thakur technique [7], with 
resulting 80%-90% labeling efficiency. Patients received a standard 
maximum dose of 500 „Ci (18.5 MBq) of '''In WBCs intravenously. 
Anterior and posterior spot images of the chest, abdomen, and pelvis 
were obtained 18-24 hr later. The head was imaged in two cases. 
Limbs and hemodialysis vascular access sites were scanned when 
Clinically indicated. 

Imaging was performed as follows: initially 700 counts/cm? are 
obtained over the anterior liver region; the exact time required 
to obtain this initial image is noted, and all other subsequent views 
are obtained to this same timed end point, thus allowing all other 
"In WBC localizations to be referenced to this “normalized liver 
area” [8]. 

A large-field-of-view, 37 PM tube, single crystal (9.5-mm-thick) 
scintillation camera (Picker International, Highland Heights, OH) with 
a medium-energy collimator and 20% energy windows set on the 
173 and 247 keV gamma photo peaks of '''In were used. Where 
indicated, definitive localization of areas of abnormal '''In uptake, 
such as surgical wounds or transplanted kidneys, was accomplished 
using oblique or lateral views and appropriate external markers [9]. 
Abnormal accumulations were classified visually, as to general distri- 
bution (diffuse or focal or related to an identifiable anatomic location, 
e.g., colonic activity), and on a semiquantitative 0-4+ intensity scale, 
also according to the schema of Kipper and William [8] (see table 1). 
Thus, various inflammatory processes can be more readily localized 
and characterized ranging from low-level inflammation to probable 
pyogenic infections or abscesses. 


Clinical and Radiologic Assessment 


Diagnosis of rejection or acute tubular necrosis (ATN) was 
based on analysis of clinical data, laboratory data, and routine 
serial and concurrent *"Tc diethylenetriaminepentaacetic 
acid (DTPA) and ‘*'! sodium orthoiodohippurate (hippuran) 


renal scans. A patient was considered to have infected urine 
if heavy bacteriuria and pyuria had been documented by 
culture and urinalysis within the week preceding the ''In 
WBC scan. Other infections were diagnosed based on Clinical, 
laboratory, and other radiographic studies performed within 
similarly appropriate intervals of '''ln WBC scanning. Fluid 
collections were considered noninfected only if they contained 
rare white cells and were Gram-stain- and culture-negative. A 
diagnosis of CMV infection rested on a positive culture or 
fourfold rise in serologic titer. 

Without knowledge of any other clinical or laboratory data, 
two experienced nuclear medicine physicians independently 
evaluated all '''In WBC scans for the presence, degree (0- 
4+), and pattern of any abnormal labeled leukocyte accumu- 
lation. Variations in evaluations were resolved by concurrent 
evaluations and mutual agreement. For comparison, the same 
physicians reviewed 20 randomly selected and identically 
obtained '''In WBC scans from nonimmunosuppressed and 
nontransplant patients with adequate rena! function and six 
"In WBC scans from nonimmunosuppressed, nontransplant, 
end-stage renal disease (ESRD) patients, of whom three were 
on hemodialysis and three were on peritoneal dialysis. 

Other radiographic studies including chest radiographs, 
abdominal sonograms, and abdominal CT scans were re- 
viewed by radiologists experienced in the respective tech- 
niques with knowledge of the clinical history but no knowledge 
of scintigraphic findings. 


Results 


Clinical and '''In WBC scanning data for the 10 renal 
transplant subjects are presented in table 1. The relevant 
findings and comparisons among all 36 subjects’ '''In WBC 
studies are elaborated below. 
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Fig. 1.—Case 4. A, '''In leukocyte scan of lower abdomen and pelvis. wound infection (large arrowhead). B, Sonogram of renal allograft. Deceased 
Abnormal accumulation of leukocytes at lower pole infarct of renal allograft echogenicity at lower pole infarct (arrowheads). 


(arrow), diffusely in rest of kidney (small arrowheads), and at site of surgical 





Fig. 2.—Case 7. A, Diffuse pulmonary uptake of '"'In-labeled leukocytes superior aspect of allograft (arrow); intense uptake in descending color (large 
with no clinical or radiographic evidence of disease. Level of diaphragm can be arrowhead). Exploratory laparotomy revealed perinephric hematoma and fecal 
inferred from superior extent of intense normal splenic activity. B, '''In leukocyte impaction. 


scan of abdomen. Diffuse uptake in renal allograft (small arrowheads) and at 


Transplanted Kidney (>1+) of what appeared to be transplant-related activity oc- 
curred in two cases. One was due to a segmental infa‘ct in 

All of the grafted kidneys had mild (1+) diffuse accumulation case 4 (fig. 1) and the second was a perinephric hema:oma 
of '''In WBCs. Although there was no focal activity in the in case 7 (fig. 2B). No grafted kidney was clinically normal, 
renal collecting system, ureter, or bladder, focal concentration and respective appropriate drug or other therapy was under- 
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A B 


Fig. 3.—Case 2. A, '"'In leukocyte scan of lower abdomen and pelvis. 
Diffuse uptake in renal allograft (small arrowheads) and intense activity at site 


way at the time of '''In WBC scanning. Six patients suffered 
transplant rejection, two had ATN, and four had a recent 
urinary tract infection. No distinction among these three path- 
ologic processes was possible on the basis of the '''In WBC 
scans. Review of the 20 randomly selected '''In WBC scans 
obtained in nontransplant patients with adequate renal func- 
tion showed only one with any renal uptake, which was 
unilateral in a patient with pyelonephritis. Nontransplanted 
ESRD patients had no renal uptake. 


Lungs 


Only three of 14 scans obtained in the 10 transplant pa- 
tients were free of significant lung uptake. Lung activity 
(ranging from 1+ to 2+) was diffuse and bilateral (fig. 2A) on 
all except one scan. No patients had signs or symptoms of 
pulmonary disease. Two patients had mildly increased pul- 
monary vascularity and one had subsegmental right lower 
lobe atelectasis on chest radiography (case 4). No correlation 
with CMV infection or hemodialysis was apparent. A review 
of the previously noted 20 randomly selected '''In WBC scans 
revealed significant diffuse bilateral pulmonary uptake in one 
patient with adult respiratory distess syndrome (ARDS) and 
in another with active rheumatoid lung disease; both of these 
two patients had diffuse chest radiographic abnormalities as 
well. Only one nontransplant ESRD patient had pulmonary 
uptake. He was an elderly man on hemodialysis and had 
endocarditis and localized pneumonia. His '''In WBC scan 
showed diffuse lung uptake with accentuation in the region 
of the infiltrate on chest radiograph. 


of wound infection (/arge arrowhead). B, Abdominal sonogram. Fluid collection 
at surgical wound site proved to be abscess (arrowheads). 


Surgical Wound 


Three transplant patients demonstrated intense (2+ to 4+) 
focal accumulation at the transplant wound site, and all three 
were ultimately found to have wound infections. In case 2, 
the infection was suspected by only one of four primary 
clinicians prior to scanning (fig. 3). No uninfected wound was 
imaged on the '''In WBC scan. 


Additional Focal Accumulation 


Cases 5, 6, 7, and 10 demonstrated other focal abnormal 
accumulation of '''In WBCs ranging from 1+ to 4+ intensity 
(table 1, figs. 2, 4, and 5). Extensive evaluation in the first 
three of these cases revealed no focus of infection. In case 
10, the right renal allograft was faintly positive; a left lower 
abdominal accumulation probably represented a chronically 
infected lower pole renal cyst in a huge native polycystic 
kidney, but a concurrent midline pelvic focus (also seen in 
two subsequent '''In WBC scans) was without clinical cor- 
relate. In case 7, the findings on the '''In WBC scan played 
a role in the decision for surgical exploration: Intense localized 
activity in the transplant (2+) and the descending colon (4+) 
suggested abscess and colitis. Surgical findings included a 
viable graft, a small perinephric hematoma, and large amounts 
of fecal material within the descending colon, but otherwise 
normal colonic mucosa. 

In two patients (cases 8 and 9) fluid collections were seen 
in the pelvis on sonography that were negative on '''In WBC 
imaging; neither was an infected focus that required surgical 
drainage. 


“IN LEUKOCYTE SCANNING OF 
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Fig. 4.—Case 6. A, Left anterior >blique scan of lower abdomen and pelvis. 
Diffuse accumulation of '''In-labelec leukocytes in renal allograft (arrowheads) 
and intense accumulation in lower pelvis within hematoma (arrow). B, Sonogram 





Fig. 5.—Case 10. ''In labeled leukocyte scan of abdomen and pelvis (the 
first of three in this patient). Diffuse activity in right renal allograft (small 
arrowheads) and in left pelvic regon (large arrowhead) corresponding to 
infected lower pole cyst of large nat ve polycystic kidney; midline pelvic accu- 
mulation (arrow) appeared in all three studies with no proven etiology. 
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of renal allograft. Fluid collection (arrowheads) proved to be hematoma at 
needle aspiration. 


There was no Clinical evidence in any patient of infection of 
a hemodialysis vascular access site, and therefore these sites 
were not imaged. 


Discussion 


Several authors have demonstrated '''In WBC scanning to 
be an effective method of identifying sites of infection and 
inflammation [10-15]. The ease of cell preparation, labeling, 
and imaging, accompanied by high diagnostic accuracy, has 
made this method an attractive tool in the evaluation of fever 
of unknown origin. The reported accuracy of abdominal WBC 
scans has ranged from 85% (Ascher et al. [10]) to 92% 
(Knochel et al. [12]) to 96% (Goodwin et al. [13]). 

Our own experience with this technique, in three local 
medical centers operating under single Investigational New 
Drug License for this purpose during the past 3 years, now 
extends to more than 900 total studies. In our first year of 
applying this new diagnostic test, we routinely performed 
standard quality control assessment of leukocyte separation 
and labeling and of cell viability and function [7]; and we also 
standardized our imaging methods and their related quality 
control functions. Further, during this earlier period, we at- 
tempted to limit our use of the technique to cases presenting 
with a typical diagnosis of “rule out occult infection,” avoiding 
cases with complicating factors such as immunosuppression 
(including steroid therapy, leukopenia, proven hypersplenism, 
or any other drug therapies known or suspected to relate to 
granulocyte dysfunction). Finally, we obtained all possible 


828 SEBRECHTS ET AL. 


correlative and corroborative information available, such as 
typical clinical and laboratory data, sonographic studies, CT 
scans, percutaneous interventional procedures, surgery, ad- 
ditional radiographic and clinical follow-up, or postmortem 
examination when performed. Under the above controls and 
constraints, our efficacy statistics in the first 187 patients 
Studied in these institutions were sensitivity, 91%; specificity, 
93%; and accuracy, 92%, all well within the range of similar 
figures reported from other major centers. 

Despite the uncertain effects of immunosuppression and/ 
or uremia on leukocyte function, studies have suggested the 
potential diagnostic utility of '''In WBC scans in renal trans- 
plant patients [5, 6]. Forstrom et al. [6] reported initial favor- 
able experience using '''In WBC scans in diagnosing trans- 
plant rejection. They observed renal uptake of WBC activity 
in 11 of 15 patients with rejection and in only three of 17 
without rejection. In contrast, Collier et al. [16] reported that 
seven of eight patients with normally functioning renal grafts 
showed diffuse WBC uptake. Further, similar “false-positive” 
WBC uptake has been anecdotally reported in kidneys of 
uremic patients, and in those sustaining cyclosporin A neph- 
rotoxicity [17, 18]. In our series of febrile transplant patients, 
all grafts accumulated '''In WBCs to some degree. All clini- 
cally had, and were being treated for, rejection, ATN, or 
urinary tract infection, and it was not possible to distinguish 
among these etiologies based on the '''In WBC scan findings. 
The WBC uptake in these renal allografts, in the clinical milieu 
of each study, appears to represent a nonspecific inflamma- 
tory response to a variety of immunologic, ischemic, nephro- 
toxic, and/or infectious insults of differing severity. Reports 
of '''In-labeled platelets are more promising in distinguishing 
acute allograft rejection [17, 19]; however, the type of con- 
comitant immunosuppressive therapy may well play a major 
role in the sensitivity of this method for acute rejection [17]. 
Further, the use of purified leukocyte subtypes, specifically 
lymphocytes, had proved moderately successful in assessing 
chronic inflammation/infection, as well as in certain lympho- 
proliferative disorders [20], and also in a limited number of 
Studies of rejecting renal allografts [17, 21]. In the latter 
application, however, the type of immunosuppression might 
again determine the efficacy in specific patients [17]. 

The potential diagnostic utility of pulmonary accumulation 
of WBCs in renal transplant patients was also suggested by 
Forstrom et al. [6]. They reported pulmonary uptake in 13 of 
14 renal transplant patients with CMV infections and in only 
five of 18 patients without evidence of CMV. In contrast, our 
febrile renal transplant patients routinely had diffuse pulmo- 
nary uptake in the absence of CMV infection or other clinically 
evident pulmonary disorders. Given the high incidence of 
diffuse lung activity in our patients, technical factors were 
given consideration. This uptake was not spurious, since a 
review of 20 nontransplant patients (whose cells were labeled 
and scans were obtained identically) showed WBC accumu- 
lation only in two patients with obvious pulmonary disease. 
In addition, the accumulation in infected transplant wound 
sites and the lack of significant blood pool activity in 13 of the 
14 scans from transplant patients suggest cell separation, 
labeling, and functional integrity equivalent to our standard 
provenresults. 
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Nonspecificity of lung accumulation has recently been re- 
ported by Cook et al. [22]. These authors described 21 
Studies in which diffuse pulmonary uptake occurred. Many 
had diseases such as pneumonia, ARDS, aspiration and 
metastatic cancer, in which pulmonary uptake of leuckocytes 
is not unexpected. However, six patients had only heart 
failure, a process generally believed to be noninflammatory 
(though occasionally also noted to be '''In-WBC-scan-positive 
[18]). In addition, four patients referred to as “false positive” 
in the series of Cook et al. apparently had no evidence of lung 
disease. 

We do not know the cause of diffuse pulmonary uptake of 
WBCs in our patients. Our review of scans in nontransplant 
ESRD patients indicates that uremia and dialysis alone are 
not routinely associated with pulmonary uptake in the ab- 
sence of clinically evident pulmonary disease. However, it is 
well recognized that systemic insults including sepsis, trauma, 
pancreatitis, and hemodialysis do cause a complement (C5a)- 
mediated sequestration of leukocytes in the pulmonary vas- 
culature [23, 24]. Pulmonary uptake of '''In WBCs has some- 
times been attributed to hemodialysis-induced complement 
activation [10]. It is conceivable that pulmonary uptake of 
"In WBCs in renal transplant patients represents a similar 
component-mediated response to systemic injury. Indeed two 
patients in our series were septicemic, and three were 
undergoing hemodialysis at about the time of scanning. Also 
of note is a recent report of complement activation associated 
with renal allograft rejection [25]. 

Although there were no proven infections in which the ‘In 
WBC scans were negative, we were disturbed by the nine 
instances of focal accumulation of labeled WBCs in four of 
Our patients, which proved to be of little or no clinical signifi- 
cance. A recent study and literature survey by McAfee and 
Samin [18] has revealed a variety of incidental causes of 
false-positive leukocyte scans; however, previous reports in 
nontransplant patient series have demonstrated a low inci- 
dence of false-positive results [1-4, 10-15]. Colonic accu- 
mulations have been reported in the absence of clinically 
evident bowel disease [14, 26, 27]. Focal pulmonary uptake 
in the absence of significant pathology was reported by Cook 
et al. [22]. And finally, although uptake by a renal infarct has 
not been reported, it is also not unexpected [28]. The sinus, 
mandible, and midline pelvic foci in two of our patients, 
however, remain unexplained. Indium-111-WBC-positive he- 
matomas (cases 6 and 7) could have formed shortly after 
WBC administration, during a period of high-blood-pool radio- 
activity. Alternatively, these hematomas could have formed 
as a result of hemodialysis anticoagulation before WBC ad- 
ministration and thus contained high levels of the leukocyte 
chemoattractant C5a formed during hemodialysis [23]. Re- 
searchers from our institution have reported seven patients 
with '''In-WBC-positive hematomas, five of whom were on 
hemodialysis [29]. In any event, the high incidence of false- 
positive accumulations of WBCs in our renal transplant pa- 
tients led to additional consultations, laboratory and radiologic 
studies, and some invasive procedures that did not disclose 
infected foci. The only type of focal '''In WBC uptake that 
proved to be completely sensitive and specific for active 
infection in our transplant patients was in the surgical wound 
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infections. Other authors heve also commented on the relia- 
bility of infected wound uptake [14], which is usually distin- 
guished from the early faint WBC accumulation related to 
wound healing. 

Despite the general efficacy of '''In WBC imaging in diag- 
nosing aeute infections, it is important that physicians using 
or interpreting the results of this technique recognize its 
limitations. The benefits of multitechnique imaging in clarifying 
certain questionable leukocyte scan results have been noted 
by several authors (e.g., tandem use of other radiopharma- 
ceuticals. such as °°"Tc-labeled liver/spleen or renal agents, 
and/or addition of CT or scnography as indicated) [17, 18]. 
However, on the basis of our study results, such further 
noninvasive efforts alone would not have added significantly 
to the overall diagnostic certainty. Therefore, for febrile renal 
transplant patients evaluated in clinical environments similar 
to ours, the utility of the '''In WBC scan is diminished by the 
nonspecificity of renal, pulmonary, and other focal accumula- 
tions. In these 14 studies, '''In WBC imaging added only to 
the diagnosis of wound infections, and more often compli- 
cated the clinical management. 
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Sci-Fi Satire 


During experiments in advanced high-speed computer data 
transmission via modem at 42 gigabaud, apparently a time 
warp phenomenon occurred during which the following trans- 
mission was received at the author's earth station. The text 
is reproduced as received without comment. 


Office of the Editor. American Journal of Roentgen- 
ology. April 15, 2086. Dr. Hal Lucinogen and Associ- 
ates. xxxx Main Line Street. San Francisco, CA. Dear 
Doctor: Your manuscript, “High Resolution X-ray Im- 
aging Using Silver Halide Film Technology,” is returned 
together with the review by one referee. The other 
referee refused comment. We recommend discarding 
this document and suggest that future submissions be 
more realistic. Sincerely. Ikon O. Clast. Editor. American 
Journal of Roentgenology. 


Attached critical review follows. 


March 15, 2086. Authors claim actual observations 
made during laboratory and clinical x-ray imaging em- 
ploying an ancient technology, the use of silver halide 
particles suspended in an emulsion coated on a trans- 
parent, flexible, sheetlike material. Laboratory studies 
include spatial resolution of 10 line pairs/mm, presented 
using an old star phantom. This is meaningless since a 
contrast-to-noise ratio of 1,000,000:1 was employed. 
Clinical examples of x-rays purporting to show trabe- 
culae in bones of the hand, periosteal reaction in a 3- 











week-old with osteomyelitis of the tibia, and a hairline 
fracture of the distal radius in a 6-year-old child are 
offered as proof of the alleged spatial resolution. The 
illustrations have clearly been electronically created. 
Cost effectiveness as alleged is unrealistic. The authors 
State that “no other detectors, gantry, computer, or 
electronic console is necessary to acquire or display 
the images” but admit that the film medium is consumed 
during the exposure and cannot be reused. The authors 
should be advised to abandon reversionary research. 
Inasmuch as the now standard multiplexed satellites 
allow transmissions of digitized images ef thousands of 
patients per day to the entire world, the global radiology 
net is now established. Any attempt to return to individ- 
ual patient examination by one radiologist and single- 
image visual interpretation without benefit of coresident 
expert system computer analysis of the images would 
be archaic barbarism. The ultimate triumph of the uni- 
versal radio-magneto-diagnostic and therapeutic sys- 
tem will only be achieved when all images are reduced 
to data, all data are compressed into packets, and all 
packets are . . . (transmission garbled). 


C. R. Markivee 

St. Louis University 
School of Medicine 
St. Louis, MO 63110 








* On April Fools’ Day, April 1, it is commonplace to play humorous jokes on the unwary. This day, also known as All Fools’ Day, is observed almost universally 
throughout the Western world. The custom, thought to have begun in France, has been adopted by the AJR to take a little sobriety out of science. 
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Selective Coronary Angiography Using a Power Injector 


Geoffrey A. Gardiner, Jr.,! Michael F. Meyerovitz,' Lawrence M. Boxt,' Donald P. Harrington,’ Richard H. Taus, ' 


Krishna Kandarpa,' Peter Ganz,? and Andrew P. Selwyn? 


Selective coronary angiography plays a key role in the 
diagnosis and treatment of patients with coronary artery 
disease. Image quality may significantly affect interpretation 
of coronary angiograms [1-3]. Poor quality examinations may 
result in incorrect patient management and expose the patient 
to considerable risk [4]. One of the most important factors 
contributing to high-quality images is dense, uniform opacifi- 
cation of the coronary arteries with contrast medium. We 
have noted in our own cases, and in cases from other 
institutions, considerable variability in coronary artery opaci- 
fication, mot only from person to person, but also with each 
injection. In an attempt to obtain optimal opacification, we 
have recently begun to use a standard angiographic power 
injector for coronary artery injections. This has resulted in 
improved demonstration of the arteries, especially the left 
coronary artery, which commonly requires higher injection 
rates anc volumes. 


Technique of Injection 


We use 7.3 French Judkins or Amplatz catheters capable 
of taking a 0.038 inch (0.097 cm) guide wire. Injections of up 
to 7 ml/sec may safely be made through end holes of this 
size [5]. A Medrad Mark IV power injector (Medrad, Pitts- 
burgh) is connected to a manifold via a high-pressure injection 
line and a three-way stopcock, the third port of which is 
connected to a syringe for test injections (fig. 1). Once the 
appropriate coronary artery has been engaged by the cathe- 
ter, we routinely make small test injections by hand to ensure 
good positioning of the catheter and the absence of a severe 
stenosis near the catheter tip. We are also careful to withdraw 
the left Judkins catheter slightly after engaging the left coro- 
nary artery to avoid pointing the end hole at the side wall of 
the artery [5]. Our standard injections range from 4 to 6 ml/ 
sec for a volume of 7-10 ml in the left coronary artery and 3 
to 5 ml/sec for a total of 6-8 ml for the right coronary artery. 
The pressure limit of the power injector is set at 150 psi (10.4 
kg/cm’). Using our system of catheter, manifold, and high- 
pressure injection line, injection rates of up to 6-7 ml/sec 
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may be obtained depending on the catheter used. Each 
injection is monitored fluoroscopically. The injection rate and 
volume are varied depending on artery size and blood flow. 
Small arteries or arteries with severe stenoses require slower 
injection rates and smaller total volumes. Patients with myo- 
cardial hypertrophy from various causes such as aortic ste- 
nosis commonly require higher injection rates and sligntly 
larger volumes. 


Evaluation of Injections 


One hundred four left coronary artery injections were per- 
formed in 23 patients. Only left coronary injections were 
compared in this study since these arteries are most likely to 
be poorly opacified. Fifty-five hand injections in 12 patients 
and 49 power injections in 11 patients were evaluated. Each 
coronary injection was graded by a blinded observer accord- 





Fig. 1.—Standard manifold used for coronary angiography with lines for 
pressure measurement (1), heparinized saline (2), and contrast medium (3). 
High-pressure injection line (arrow) from power injector is connected via three- 
way stopcock that also allows syringe to be connected to manifold for test 
injections of contrast material and flushing catheter. 


This work was supported in part oy U.S. Public Health Service grants GM 18674 and HL 07334. 
' Department of Radiology, Harvard Medical School, and Brigham and Women's Hospital, 75 Francis St., Boston, MA 02115. Address reprint requests to G. A. 
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Fig. 2.—Three views of left coronary artery in different patients show poor opacification and flow defects (arrows) in normal arteries due to inadequate contrast 
injection. This usually occurs during diastole since most coronary blood flow occurs during that time. 


ing to the density of contrast material in the artery, the degree 
of mixing of contrast material and unopacified blood, and the 
presence or absence of diastolic washout, and was scored 
as follows: (1) inadequate, (2) poor, (3) fair, (4) good, (5) 
excellent. 


Results 


This technique of power-injecting the coronary arteries has 
been used safely in over 400 patients. In the subgroup of 23 
patients in whom power injections and hand injections were 
compared, the mean score for machine-injected coronary 
arteries (4.5 + 0.54) was significantly higher than for hand- 
injected arteries (3.9 + 0.90) (p < 0.001). In addition, opaci- 
fication by power injection was much more consistent, as 
demonstrated by the difference in standard deviation. 


Discussion 


Optimal opacification of the coronary arteries is an impor- 
tant but frequently overlooked factor affecting image quality. 
Poor contrast injections can cause intermittent filling of the 
artery, with poor mixing and layering of the contrast material 
as it flows with unopacified blood (fig. 2), resulting in poor 
demonstration of the arterial lumen. Inadequate rates of con- 
trast injection may also give the false impression of a lesion 
in a normal coronary artery and generally increase the risk of 
misinterpretation. In addition, quantitative analysis of coronary 
arteries by computerized evaluation of stenoses demands 
complete and consistent opacification of the arterial lumen. 
Small arteries, or arteries with severe stenoses, are seldom 
a problem, but even average-sized arteries with normal flow 
rates require considerable manual effort to completely fill the 
arterial lumen with contrast material from a hand injection. 
Assuming an average resting flow rate through the left coro- 
nary system of 125 ml/min [6], mean diastolic flow is calcu- 
lated at 2.5 ml/sec (peak flow will be somewhat higher). We 
found that optimal coronary opacification is consistently ob- 
tained using an injection rate of about 5 ml/sec. For compar- 
ison with the power injector, seven angiographers hand- 
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Fig. 3.—ldealized schematic representation of coromary artery with catheter 
in its lumen. During contrast injection, pressure chamges in coronary lumen 
inhibit coronary blood flow. (See Appendix.) 


injected 10 mi of contrast material through a 100-cm-long 
coronary catheter and manifold (the same system routinely 
used for coronary angiography) ex vivo, using a 10 ml syringe. 
The average injection rate, using maximal effort, was 2.5 ml/ 
sec; a Maximum injection rate of 3 ml/sec was obtained only 
once in 17 injections. These injection rates are somewhat 
higher than the less vigorous hand injections performed in a 
Clinical setting. The relatively high injection rates we use with 
the power injector do not cause significant reflux of contrast 
material into the sinus of Valsalva. The advantage of using 
these higher injection rates seems to be more complete 
replacement of blood and therefore a higher concentration of 
contrast material in the coronary vessel. This may be ex- 
plained theoretically by comparing the difference in pressure 
within the coronary lumen between hand and power injec- 
tions. Contrast injection into the coronary artery elevates 
intraluminal pressure, resulting in a pressure rise between the 
aorta and coronary artery [7]. During a hand injection (assum- 
ing a maximum injection rate of 2.5 ml/sec), the pressure 
within the coronary artery increases by about 9 mm Hg (see 
Appendix) relative to the aorta. During a power injection (at a 
rate of 5 ml/sec), the gradient between the aorta and coronary 
artery increases to about 38 mm Hg. Thus, doubling the 
injection rate increases the pressure gradient by a factor of 
4. Since there is a fixed relation between flow and pressure 
(total energy = pressure + kinetic energy), when the pressure 
rises distally the velocity must decrease at that point. There- 
fore, as the pressure gradient between the aorta and coronary 
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artery increases, the amount of blood entering the coronary 
decreases because the bloodstream possesses insufficient 
kinetic energy to maintain izs flow rate. 

Despite the almost universal use of the power injector for 
arterial opacification in otrer areas of the body, even in 
vessels smaller than the coronary arteries, there has been 
very little use of this method in coronary arteriography. This 
technique is widely regarced as unsafe, partly due to the 
perception that there is loss of control during power injection. 
In fact, there is excellent control using the hand switch, since 
releasing the switch will immediately abort the injection. This 
technique does not require additional cost, since power injec- 
tors should be a part of every cardiac catheterization labora- 
tory. The procedure of conrecting the catheter to the injector 
is no more difficult or time-consuming than for performance 
of ventriculography and only need be performed once with 
the first coronary injection. Pressures at the catheter tip are 
monitored in the usual manner through the manifold. Power 
injection through the manifold is possible since the injection 
rates and pressures are much lower than for ventriculography. 
We have had no complications in our series of over 400 
patients and others report a similar experience [8-10]. 

We find that the use of a power injector for coronary 
angiography is safe and results in a significant improvement 
in coronary artery visualization by more consistently produc- 
ing optimal opacification. Tris method of coronary angiogra- 
phy is recommended. 


Appendix 


Steady-Flow Macroscopic Analysis of Pressure Rise Caused 
by Injection of Contrast Stream into Bloodstream [7] (fig. 3) 


Variables—p : density (g/cm*), V : velocity (cm/sec), Q : flow 
rate (cm*/sec), A : area (cm*), AP : pressure rise from plane 
1 to plane 2 (dynes/cm* or mm Hg). 


Subscripts—c : contrast, b : blood, m : mixed blood and 
contrast (plane 2). 


Assumptions—(1) steady flow in rigid impermeable tubes; (2) 
uniform velocity profiles; (3) negligible viscous forces. 


Conservation of mass—Flow rate at plane 1 is equal to flow 
rate at plane 2. 
Note / = Q/A. (2) 
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Conservation of momentum yields (neglecting wall shear 
stress): 


1 l 
AP = A. {PbQbVb P pcQ.V. = (pc + Pv)QmVm}. (3) 
b 


Then, using equations 1 and 2 and substituting the following 
values into equation 3 and assuming a coronary artery radius 
of 3 mm and catheter end hole radius of 0.02 inches (0.05 
cm), 


Am = 0.283 cm? 
~ A, 

A. = 0.008 cm? 

Po = 1 g/cm° 

Po = 53 X pp 


Q» = 2.5 cm*/sec (for coronary artery). 


One obtains for Q. = 2.5 cm*/sec, AP = 9 mm Hg; and for 
Q: = 5.0 cm*/sec, AP = 38 mm Hg, noting that 1 dyne/cm? 
= 7.5 x 10°* mm Hg. 
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Digital Subtraction 
Angiography: A Comparison of 
5127 and 1024? Imaging 





A commercial DSA unit was modified by the manufacturer to permit 1024 x 1024 x 8- 
bit imaging. System upgrade includes a high-resolution 1049-line TV camera that 
operates with variable aperture to minimize x-ray exposure during 1024? imaging. To 
compare the change in resolution and radiation exposure between 512? and 1024? 
imaging with this system, a two-phase phantom study was performed using a high- 
contrast Converging lead line phantom and a specially designed high-resolutiom low- 
contrast Lucite phantom. The two-phase phantom study tested general system resolu- 
tion performance and resolution under simulated and actual clinical conditions for each 
field size (15, 25, and 36 cm). The 512? imaging was performed with the ap2rture 
reduced to the 512 setting; 1024? imaging was performed with the aperture at the 512 
and 1024 values. The 1024? imaging resulted in only modest improvement in resclution 
compared to 512’. While Nyquist limits were approached with 512? imaging, this was 
not the case with 1024? imaging. This suggests other factors such as system noise are 
playing a significant role in 1024” image degradation. 


Our commercial 512° digital subtraction angiography unit has been recently 
upgraded to allow 1024* digital subtraction angiography. This modification required 
the installation of a high-resolution 1049-line television camera, high-resolution 
display monitors, and digital disks with the capacity to acquire and store the 1024? 
images. Although improved resolution is anticipated, there is little quantitative 
information describing the gain in resolution and the increase in radiation exposure 
from the reduced pixel size in 1024? imaging. Concern for increased radation 
exposure has prompted the use of a high resolution TV camera with a vaniable 
aperture, which permits an increase in aperture size in advancing from 512? to 
1024* imaging [1]. We compared the results of digital subtraction angiography 
(DSA) using 512 x 512 x 8-bit digital imaging with 1024 x 1024 x 8-bit cgital 
imaging, using a high-resolution TV camera with variable aperture. 

A previous report describes the evaluation of a 512 x 512 x 8-bit DSA system 
[2]. Because digital image quality is affected by multiple factors [3], our compa‘ison 
Study was designed to include evaluation of the analog capabilities of the image 
intensifier and measurement of the resolving power of the digital system with the 
camera optimized by the manufacturer. The comparison of 512? and 1024? imeging 
was performed using both high- and low-contrast radiographic test objects in a 
manner simulating clinical conditions. Clinical images obtained in the 512? and 
1024° modes were also compared. 


Materials and Methods 


Imaging was performed using a Philips Medical Systems 36-cm image intensifier. This 
trimode image intensifier has field sizes of 15, 25, and 36 cm. The focal spot of the <-ray 
tube can be set to 0.3 or 1.0 mm. All digital imaging was performed using the 1.0-mm ‘ocal 
spot. The resolution of the image intensifier was measured by direct visualization o° the 
output phosphor using a high-contrast converging lead line pair phantom attachedg{c. the 
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Fig. 1.—High-contrast converging lead line phantom. 


image intensifier surface using fluoroscopy exposures. Resolution 
recording was also done on 100-mm spot films using radiographic 
techniques. Digital imaging was performed using an ADAC DPS-4100 
digital fluorographic imaging system with a high-resolution Plumbicon 
TV camera. The high-resolution digital TV camera was optimized and 
resolution measurements made by the manufacturer. 

For measuring resolution in a manner approximating clinical con- 
ditions, two types of test objects were used; the high-contrast 
converging lead line phantom (0.1 mm Pb thickness) (fig. 1) and a 
low-contrast test object. The low-contrast test object is composed 
of 1-cm-thick Lucite with indentations into which can be placed 
interchangeable inserts (fig. 2). Four inserts are of clear Lucite. The 
other has “vessels” of varying widths cut into it such that contrast 
media of varying dilutions can be introduced and line pair (Ip) resolu- 
tion measured. The simulated vessels consist of five sets of grooves 
0.158 cm deep with widths ranging from 0.5 mm (1.0 Ip/mm) to 2.5 
mm (0.2 Ip/mm) in 0.5 mm increments, similar to the test object 
described by Lin et al. [2]. The grooves in a given set are separated 
by a width equal to the width of the grooves and can be considered 
as a set of line pair patterns. This 1-cm-thick test object was placed 
in the middle of ten 1-cm-thick layers of Lucite. 

With clear solid insert in place centrally two exposures were made, 
the second of which provided a “mask” image. After an exposure 
delay, the central insert was exchanged with the insert with contrast- 
containing “vessels” and two additional exposures made, the second 
exposure providing the contrast-filled image. Using the mask and the 
contrast-filled image, a digital subtraction image was obtained. This 
was repeated using varying dilutions of Renografin 76 (Squibb) of 
0.7-57.2 mg/cm? projected iodine concentration [4]. For each con- 
trast dilution, exposures were made in the 512? and 1024* modes. 
The radiographic techniques used for each exposure were deter- 
mined at the beginning of the study by selecting a technique that 
would provide an optimal digital image histogram of an 11-cm-thick 
clear Lucite test object with a focal-spot-to-film distance of 43 cm. 
This was done for imaging in the 512° mode with the aperture set for 
512 (Asi2). High-resolution 1024* imaging was performed with the 
larger 1024 aperture (Ajo24) setting and again with the aperture 
equivalent to the 512 setting. Exposures were made for each field 
size (15, 25, and 36 cm). All exposures were made with a 10:1 grid 
in place and the resolution test objects positioned at 45° to the grid 
and scan lines of the TV camera. A typical sequence of exposures is 
as follows: (1) 512? imaging, radiographic exposure E;, contrast 
dilution 1, Asi2; (2) 1024? imaging, radiographic exposure E;, contrast 
dilution 1, A1024; (3) 1024? imaging, radiographic exposure E2, contrast 
dilution 1, As:2. Exposure E, was used for 512? and 1024? imaging. 
Exposure E, was used only for 1024 imaging with the smaller 512 
aperture. The exposure E, values and exposure E2 values are shown 
in table 1. 

This imaging sequence was performed for dilutions of contrast 
material ranging from 0:1 to 80:1 at each field size. Precise x-ray 
collimation was performed to minimize veiling glare. All images col- 
lected were stored for later review. 
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Fig. 2.—Low-contrast test object 


TABLE 1: X-ray Technique 


DN el 


Field Size E; E> 
(cm) (kVp/mA/msec) (kVp/mA/msec) 
15 ew .72/200/50 77/400/63 
1. eee -  .65/100/50 69/300/63 
SOain bb ay ane aan _ 60/75/50 64/200/63 


DN ___| | = 


Subsequently the high-contrast test object with line pairs converg- 
ing to 5 Ip/mm was interposed in the middle of 11 cm of Lucite. 
X-ray exposures were repeated with 512? imaging using E,-Asi2 and 
1024? imaging using E2-A1024 and E2-Asi2. This was repeated for each 
field size. The converging line phantom was then taped to the input 
surface of the image intensifier with the 10:1 grid in place and 
exposures repeated in this position using the technique outlined 
above. All images were then reviewed and visual line pair measure- 
ments determined by the consensus of the four authors. 

Dosimetry was then performed using an MDH model 1015 ioniza- 
tion chamber traceable to National Bureau of Standards calibration. 
Exposure measurements were made using E, and E; exposures in 
all three field sizes at the table top at entry to the 11-cm Lucite 
phantom, and at the input of the image intensifier. Clinical studies 
were also performed comparing 512? and 1024” images. 


Results 


The resolution of the image intensifier system obtained by 
direct visualization of the output phosphor and using 100-mm 
spot films with a high-contrast phantom is shown in table 2. 
Nyquist frequencies for each field size are shown in table 3. 
The resolution measurements provided by the manufacturer 
of the digital radiographic system manufacturer for 512° and 
1024? images with a 10:1 grid in place are shown in table 4. 

Table 5 shows the resolution with the high-contrast con- 
verging lead line test pattern placed at the table top and at 
the face of the image intensifier for each field size for 512° 
and 1024? imaging. 

The results for the low-contrast Lucite phantom with undi- 
luted iodinated contrast material (projected iodine concentra- 
tion 57.2 mg/cm?) and for 20:1 dilutions (2.9 mg/cm’) are 
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TABLE 2: Resolution Measurements of Image Intensifier 
S 


Field Size (cm) 
Method 


15 25 36 


Visualization of I| output 
phosphor" (fluoro- 
graphic techniques) 

100-mm spot films: 

55 kVp. 300 mA, 13 


3.6 Ip/mm 2.6 Ip/mm 2.2 Ip/mm 


msec (6 mR). >5 Ip/mm 
80 kVp. 400 mA, 80 
msec (3.7 mR) 3.7 Ip/mmt 


“II = image intensifier 
t 20-cm lucite placed in field. 


TABLE 3: Nyquist Limits 


Field Size (cm) 


Parameters 
15 25 36 
Actual field size (cm) a A 17 24 33 
Nyquist frequencies (Ip/mm): 
Phamtom at Il: 
512? 1.50 1.05 0.78 
1024? 2.99 2.10 1.55 
Phamtom at table top: 
512? | or l 2.24 1.58 1.16 
1024 7 oray 4.49 3.16 2.32 
LL 
Note —lI = image intensifier. 


TABLE 4: Measured Spatial Resolution of Digital Radiographic 
System by Manufacturer 


Matrix 
1024? 512? 
Field size (cm). . AEE 15 15 
X-ray technique (kVp/mAs) | | 55/8 55/4 
Aperture f/5.6 f/8.0 
Resolution (lp/mm) 2.8 1.7 


Note.—10:1 grid in place; test object at grid surface 45° to grid alignment. 


TABLE 5: Resolution (Ip/mm) of Lead Phantom at Table Top 
and at Image Intensifier 





Field Size 5127 Imaging, 1024? Imaging, 1024? Imaging, 
(cm) E1-Asi2 E1-A1024 E2-Asi2 
Resolution at table top: 
15 Rees 2.20 2.40 2.20 
29 1.50 1.80 1.60 
36 1.10 1.20 1.15 
Resolution at image intensifier: 
15 , 1.65 1.75 1.65 
BO I 1.20 1.24 1.18 
36 0.85 0.90 0.83 


SR) 


shown in table 6. The dosimetry results are shown in table 7 
for 512° and 1024° imaging and table 8 for 1024? imaging. A 
Sample set of clinical images is shown in figure 3. 


Discussion 


Because digital subtraction image quality is affected by 
several factors, optimization of the imaging chain is required 
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TABLE 6: Resolution (Ip/mm) with Lucite Phantom 





Field Size 512? Imaging, 1024? Imaging, 1024? Imaging, 
(cm) E1-Asi2 E1-A1024 E2-A512 

Undiluted iodinated contrast (57.2 mg/cm’): 

7a ss 1G 2P 1G 

Bs, E BS Gaus 1G 1G 1G 

< |) PEE l 1F 1G IF 
lodinated contrast diluted 20:1 (2.9 mg/cm): 

LOSE E a. 1G 1G 1G 

25... Tooni aes 1F 1G 1G 

OO gaed 0.6 G 1P 1P 


Note.— G = good, F = fair, P = poor. 


TABLE 7: Dosimetry: 512? and 1024? Imaging with E, 





: ; Image 
Field Size E1-A512 & Ay Table Top 
(cm) (kVp/mA/msec) sr (mR) 
15 eo caus 72/200/50 40 157 ~ 
OG os cae ccsutwaue is 65/100/50 1.76 77 
1 OAO 60/75/50 0.9 45 


TABLE 8: Dosimetry: 1024? Imaging with E3 





’ Image 
Field Si Eia je Table T 
p ionima eT got ia 
15....... <... -77/400/63 11.2 416 
| oa 69/300/63 5.0 242 
Bln cas ot otsad wart 64/200/63 29 142 


before a comparison of 5127 and 1024? image quality can be 
made. The resolution values obtained by direct visualization 
of the output phosphor of the image intensifier and on 100- 
mm spot films exceeded those of the digital system. Operation 
of the ADAC digital camera was optimized by the manufac- 
turer at the time of the comparison stucy. 

Theoretical considerations suggest the change from 512? 
to 1024? imaging should improve resolution. However, be- 
cause of the smaller pixel size, there is a potential requirement 
for a fourfold increase in the amount of radiation exposure. 
The use of a TV camera with variable aperture was imple- 
mented to circumvent this patient dose problem. In our sys- 
tem, the maximum resolution was obtained at the table top 
with the converging line test object (table 7) with 1024? 
imaging using the wider 1024 aperture. The resolution ob- 
tained was 2.4 Ip/mm in the 15-cm mode. This is in compari- 
son to 512° imaging with the 512 aperture, which resulted in 
2.2 Ip/mm. Imaging in 1024? using the smaller 512 aperture 
and higher radiographic exposures (E>) resulted in resolution 
equivalent to 512° imaging at 512 aperture and exposures. 

With the high-contrast converging line test object posi- 
tioned at the image intensifier (table 5) maximum resolution 
was again obtained with 1024° imaging using the 1024 ap- 
erture. However, the increase from 512? imaging using the 
912 aperture was minimal, 1.75 Ip/mm in 1024 vs. 1.65 Ip/ 
mm in 512. Imaging in 1024* using the smaller 512 aperture 
with the higher exposures provided no improvement over 
512° imaging despite the increased radiation exposures. 

® 
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The improved resolution with the high-contrast test pattern 
at the table top is most likely due to the combined effects of 
magnification with reduction of scatter by the grid. The degree 
of magnification is not of sufficient magnitude to produce 
significant focal spot blurring. 

Although 1024* imaging with Ajo24 results in improved 
resolution, the increase is only modest as compared to 512° 
imaging. Increasing the radiographic technique to Ez levels 
without changing aperture size did not offer any advantage 
for 1024* imaging in this system. The resolution achieved for 
512° imaging with As:2 approaches the theoretical Nyquist 
estimates. This is not the case for 1024* imaging using A1024, 
in which Nyquist estimates are higher. The gain in resolution 
with 1024? imaging is greatest in the 15-cm field size. 

Dosimetry shows 1024* imaging with Ası2 and the higher 
E> exposures results in a 2.6 to 3.0 times greater x-ray 
exposure than 512? imaging using As:2 or 1024* imaging with 
A1024 and the lower E, exposures. Imaging with the variable 
aperture system allows 1024* image acquisition without the 
increased radiation exposure. 

In clinical applications, high-resolution imaging is most de- 
sirable in the 36-cm field size. Resolution measurements at 
this field size are low. The exposures (E,) for 5127 and 1024* 
imaging result in a relatively low (0.9 mR) input at the image 
intensifier in the 36-cm mode. The high gain of the image 
intensifier in the 36-cm mode results in a drop in exposure 
requirements, and it is likely that the system becomes quan- 
tum limited when performing digital studies with this field size. 
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Fig. 3.—Selective arterial injections 
into right carotid artery, 4 ml Conray 60 
(Mallinkrodt). A, 512?-mode 15-cm field 
size at 72 kVp, 200 mA, 63 msec. B, 
1024?-mode 15-cm field size at 70 kVp, 
200 mA, 63 msec. Similar windowing was 
performed on each image. With 1024? 
imaging, there is improved visualization 
of smaller intracranial arteries. 


In actual clinical practice in the 15- or 25-cm field size using 
the variable-aperture camera, we find the techniques for 
1024? imaging are equal to those for 512° imaging or only 3- 
4 kVp higher. 

This study confirms that the use of the high-resolution 
camera with variable aperture allows 1024*° imaging without 
a significant increase in radiation exposure as compared to 
512? imaging. However, the increased resolution when ad- 
vancing from 512? to 1024? is less than anticipated, even 
when the radiation dose is increased. This suggests that 
other factors, such as additive system noise, play a significant 
role in image degradation. A thorough analysis of this noise 
should be undertaken before conclusions are drawn regarding 
the clinical significance of 1024* imaging. 
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DSA Evaluation of Surgically Implantable Infusaid Pump- 


Catheter Systems 


Frank W. Sanchez,' Vincent P. Chuang,’ Douglas R. Murray,” Jean Bried,? and Mark D. Skolkin' 


Convenient, totally implantable, and percutaneously refilla- 
ble pumps and catheters are now available for reliable long- 
term hepatic artery intraarterial drug infusion [1-3]. However, 
complications of hepatic arery infusion chemotherapy may 
arise, including anorexia, abdominal pain, significant gastritis, 
and peptic ulcer disease [1 . The evaluation of position and 
flow patterns of surgically placed catheters and pumps has 
been limited to °°""Tc macroaggregated albumin (MAA) injec- 
tions through pump side pors [2]. Radionuclide flow patterns 
can demonstrate the relative distribution of infused agents to 
target organs but cannot yield the precise vascular anatomic 
information needed to explain certain symptoms or plan their 
correction. The extremely low flow rates (10 ml/min) obtain- 
able through side port injection [2] make conventional film/ 
screen angiography unsuitable for evaluation of catheter 
placement. We have found that side port injections using 
digital subtraction angiography (DSA) reliably produces im- 
ages of diagnostic quality and fine anatomic detail, allowing 
accurate delineation of catheter position and flow patterns. 


Materials and Methods 


From August 1983 to March 1985, seven DSA studies were 
performed on four patients wth implantable INFUSAID (Infusaid 
Corp., Norwood, MA) pumps and catheters placed for chemotherapy 
of metastatic hepatic malignancy. Patients were selected for exami- 
nation because of symptoms suggesting catheter malposition or 
malfunction. Studies were performed on both an outpatient and 
inpatient basis. All studies were performed with a Phillips DVI-II. 

The area over the pump and side port is prepared and draped in 
the usual manner. After infiltration of the skin over the side port (fig. 
1) with 1-2 ml of 1% lidocaine, the septum of the side port was 
penetrated with a 22-gauge Huber needle (Vita Needle Corp., Need- 
ham, MA) attached by a connector tubing and three-way stopcock 
to a 3-5 mi syringe. The tubing and syringe are filled with contrast 
medium (Aagiovist 76%, Berlex Imaging, Wayne, NJ) before cannu- 
lation. The puncture may be made under fluoroscopic guidance, 
although the feel of the needle passing through the septum of the 
side port is characteristic. Care must be taken not to allow blood to 
return into the side port. Under fluoroscopic observation, contrast 
material is siowly injected until the entire catheter is filled with contrast 
material. The patient is then inscructed to suspend respiration, and 
1-2 ml of contrast material is injected using a 3-ml syringe and gentle 


pressure. Digital images are obtained at one frame per second. A 
second DSA examination is obtained as the contrast material is 
flushed from the system with a further 3-5 ml of normal saline. If the 
images are adequate, the needle is simply removed. 


Representative Case Report 


A 47-year-old woman with metastatic colon carcinoma to the liver 
had an INFUSAID pump and catheter surgically placed. Because of 
the presence of a trifurcation of the common hepatic artery, the 
catheter was placed in the proximal splenic artery, and the distal 
splenic artery and gastroduodenal artery were ligated. Repeated 
attempts at chemotherapeutic infusion were poorly tolerated with 
left-upper-quadrant pain, nausea, vomiting, and anorexia. A %"Tc- 
MAA side port injection demonstrated distribution to both the liver 
and spleen. DSA revealed preferential perfusion of the left gastric 
artery (fig. 1A). In view of these findings, arteriography and emboli- 
zation of the left gastric artery were performed with Gelfoam (Upjohn) 
segments and a single 3-mm coil (Cook) after superior mesenteric 
arteriography verified filling of the distal splenic artery and short 
gastric arteries via anastomotic branches. 

Embolization resulted in significant improvement of symptoms. 
Four months after the initial embolization, the patient had recurrent 
infusion-related symptoms. Gastroscopic examination revealed se- 
vere gastritis along the lesser curve. Repeat pump DSA and arteri- 
ography revealed a recanalized hypertrophied proximal branch of the 
left gastric artery (fig. 1B), which was successfully embolized with 
Gelfoam segments and two 3-mm Gianturco coils. Follow-up pump 
DSA revealed preferential perfusion of the hepatic artery (fig. 1C). 


Results 


In all seven instances in which it was used, DSA provided 
an accurate depiction of anatomy, catheter placement, and 
flow pattern despite the extremely low flow rates permitted 
by side port injection. The average examination time was 10- 
15 min and is readily performed on outpatients. In our series, 
there were no procedure-related complications or evidence of 
pump dysfunction. In two patients, the DSA studies verified 
proper catheter position; in one instance (fig. 1), DSA revealed 
a preferential perfusion of the left gastric artery, and in an- 
other, occlusion of the hepatic artery. 
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Discussion 


Hepatic artery infusion chemotherapy is commonly used in 
the treatment of hepatic malignancy. Totally implantable and 
percutaneously refillable permanent pump and catheter sys- 
tems are now commercially available (Infusaid). These silently 
operating, freon-charged systems provide reliable long-term 
hepatic artery infusions [1-3]. Complications of implantable 
pump-catheter systems include pouch infection and seroma 
and complications directly related to the chemotherapeutic 
infusion: transient jaundice, chemical hepatitis, arteritis, an- 
orexia, nausea, vomiting, significant gastritis, and peptic ulcer 
disease [2]. Symptoms suggesting catheter malposition and/ 
or malfunction have, in the past, been evaluated with °°"Tc- 
MAA injected through the side port. Radionuclide studies, 
while demonstrating the general distribution of agents being 
infused, do not provide detailed vascular anatomic informa- 
tion. 
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Fig. 1.—A, DSA examination demonstrates preferential perfusion to left 
gastric artery branches (large arrowheads) with minimal flow in hepatic artery 
(small arrowheads). B, Celiac arteriogram demonstrates recanalized hypertro- 
phied left gastric artery; 3-mm coil can be identified within left gastric artery 
from previous embolization (arrow). Gastroduodenal artery has been ligated. 
C, Pump DSA examination 4 months after repeat embolization reveals occlusion 
of left gastric artery and preferential infusion of hepatic artery. 


Conventional film/screen angiography is not suitable for 
evaluation of catheter placement and flow patterns of INFU- 
SAID systems because of the low flow rates (10 ml/min) 
permitted by side port injection. DSA is ideally suited for this 
task because of its high contrast resolution [4]. Although DSA 
has less spatial resolution than conventional arteriography [4, 
5], intraarterial DSA has been shown to be equal to conven- 
tional angiography in demonstrating the basic anatomy of the 
celiac and superior mesenteric artery circulations [5-7]. DSA 
studies may be degraded by patient motion or bowel gas; 
however, the detail remains sufficient to establish precise 
catheter position and flow patterns. Examinations are quickly 
and easily performed with no more patient discomfort then 
during routine reservoir refills (performed every 2 weeks), and 
DSA images are available for immediate review. 

In the studies performed to date, we have not experienced 
any complications or technically inadequate studies, and in 
one case, the DSA study readily identified the cause of the 
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infusion-related symptoms and led to therapeutic angio- 
graphic intervention to correct the problem. 
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Crossed-Leg Technique for Digital Subtraction 


Angiography 


Kenneth Gersten,'’ George Pillari, Bernard Greenspan, Elaine Rosen, and Joseph Zito 


Intraarterial digital subtraction angiography (IADSA) is now 
well recognized as a preferred technique in the evaluation of 
peripheral vascular disease [1-3]. In the study of the lower 
extremity the method is limited seriously by field size, motion 
of the part, and the air gap between both lower extremities. 
These limitations are substantially overcome by the use of 
the crossed-leg position during the examination. 


Technique 


A 4 or 5 French multi-side-hole catheter (Mallinckrodt) is 
positioned just above the aortic bifurcation. Prior to injection 
of contrast material and filming, the patient’s legs are crossed 
at the ankles. In this position the legs are lightly taped at the 
ankle and below the knee joint. This position results in tight 
approximation of the soft t ssues over the medial thighs with 
overlapping of the legs at the level of the calves. With a 14 
inch (35.6 cm) image intensifier, a bilateral lower extremity 
study can be performed us ng four or five filming stations and 


Fig. 1.—A, Standard anatomic posi- 
tion of lower extremities for DSA. Image 
degradation results in some central air 
gap, which usually requires bolus filtra- 
tion. B, Crossed-leg position for DSA. 
Central air gap/oversaturation is effec- 
tively eliminated by everlapping soft tis- 
sues. 


A 





contrast injections. Each contrast injection is 8 ml/sec for 3 
sec (24 ml) or 6 ml/sec for 5 sec (30 mi). Total contrast 
material administered for a given examination (bilateral) is in 
the range of 120-150 ml (30% Renografin, Squibb). The 
crossed-leg position results in a more central location of the 
opaque vessels under examination. Troublesome air gaps 
between the thighs, knees, and calves are almost entirely 
eliminated, thereby reducing or eliminating the need for bolus 
filtration (figs. 1 and 2). Importantly, misregistration from 
motion is reduced since the patient comfortably tethers one 
leg to the other, providing a lock or anchor in a comfortable 
position for the patient. The radiograph produced from the 
image intensifier is circular in configuration; this seriously 
abbreviates the length of contiguous vessel segments visu- 
alized when the legs are in the noncrossed position during 
examination (cf. figs. 2B and 2A). Such foreshortening of 
serial images necessarily requires a greater number of filming 
stations, thereby substantially increasing the time of exami- 
nation. In addition, the lateral disposition of the vessels as 





B 





Received August 6, 1985; accepted after revision December 17, 1985. 


1 All authors: Department of Rediology, State University of New York at Stony Brook, and Long Island Jewish Medical Center, New Hyde Park, NY 11042. 


Address reprint requests to G. Pilléri. 


AJR 146:843-844, April 1986 0361-803X/86/1464-0843 © American Roentgen Ray Society 


844 GERSTEN ET AL. 





recorded with the legs in the noncrossed position results in 
considerable impairment of edge definition (fig. 2B). The qual- 
ity of bilateral lower extremity studies using the crossed-leg 
technique is excellent to the level of the ankle. However, in 
those patients requiring detailed studies of the foot, each foot 
is examined separately under a 10 inch (25.4 cm) image 
intensifier. 

Experience with this technique in over 20 patients has 
resulted in decreased examination time (increased patient 
throughput), improved quality of Study (less image distortion 
and scatter), decreased motion, and fewer problems related 
to air gap/oversaturation. Less contrast material is used since 
repeat injections are rarely needed. In addition, patient and 
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Fig. 2.—A, Arteriogram using crossed- 
leg technique describes improved image 
background and more central position of 
vessels under examination. B, Arterio- 
gram without crossed-leg technique 
shows lateral disposition of opaque ves- 
sels within circular frame produced by 
image intensifier. Noteworthy is presence 
of central image saturation and abbrevi- 
ated length of contiguous vessel segment 
displayed for examination. 


operator x-ray exposure are reduced since patient manipula- 
tion and fluoroscopy time are minimal. 
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Effect of Anatomic 
Variations on Deep Venous 
Thrombosis of the Lower 
Extremity 


Gin-Chung Liu! Three hundred thirty-seven lower extremities of 256 patients, both symptomatic and 
Errest J. Ferris asymptomatic, underwent ascending positive contrast venography. Certain anatomic 
John R. Reifsteck variations were noted to be related to the location and development of deep venous 


Max E. Baker thrombosis (DVT). The thrombus was located entirely in the calf in 44% of asymptomatic 
limbs and 17% of symptomatic ones (p < 0.001). There were multiple superficial femoral 
veins (SFVs) in 31% of the limbs examined, and 40% of those limbs had DVT. This 
percentage (40%) represented a statistically higher incidence of DVT (p < 0.001) than 
those limbs with a single SFV, where the incidence was only 19%. When limbs with 
multiple SFVs had DVT, only 41% were symptomatic, whereas in those with a single 
SFV, 72% of the limbs were symptomatic ( p < 0.001). This difference may be the result 
of internal collaterals due to multiple SFVs. When there were more than five valves in 
the deep veins between the popliteal fossa and the ischial spine, there was a higher 
incidence of DVT (35%) as compared to the incidence when there were five or fewer 
valves (13%) (p < 0.001). 


In spite of the advancement of various noninvasive methods, conventional 
positive contrast ascending venography remains the definitive diagnostic exami- 
nation in patients with suspected deep venous thrombosis (DVT) [1-3]. The 
purpose of this study was to determine whether there were any anatomic variations 
that might predispose to DVT and to explain why so many patients with DVT are 
asymptomatic [4-6]. Our experience includes four different categories of patients: 
(1) clinically symptomatic but venographically negative, (2) clinically symptomatic 
and venographically positive, (3) clinically asymptomatic but venographically posi- 
tive, and (4) clinically asymptomatic and venographically negative for DVT. 


Materials and Methods 


Conventional ascending positive contrast venography of lower extremities was performed 
in 337 limbs of 256 patients, using the technique recommended by Rabinov and Paulin [7]. 
In conjunction with the Department of Orthopedic Surgery, we have developed an investiga- 
tional protocol of performing preoperative and 5-7 day postoperative bilateral leg venograms 
on all patients with hip fractures or total hip replacements because of the high incidence of 
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DVT(+) 25 6 11 12 
DVT(-) 99 11 7 21 
Total 124 17 18 33 
D dy A | 
E F . l H 
DVT(+) 7 14 1 0 
DVT(-) 14 63 3 2 
Total 21 77 4 2 


Fig. 1.—Anatomic variations of superficial femoral vein (SFV) and popliteal 
vein (PV) in 296 limbs (percentage of positive deep venous thrombosis) A, 
Single SFV (20%). B, Fenestration of SFV (35%). C, Multiple accessory SFV 
(60%). D, Single accessory SFV (33%). E, Duplication of SFV and PV (33%). 
F, Duplication of PV (18%). G, Multiple accessory SFV and PV (25%). H, 
Multiple accessory PV (0). 


Results 


Of 337 examinations performed, we found 296 satisfactory 
limbs for evaluating anatomic variations, and 278 limbs de- 
tailed sufficiently to assess the number of valves present. Of 
the clinically symptomatic limbs, 44% were free of thrombi on 
venography. Of the clinically asymptomatic limbs, 19% had 
thrombi demonstrated on venography. 

Table 1 analyzes the 117 instances of thrombi and shows 
the distribution of DVT in the symptomatic and asymptomatic 
groups. In 82% of the symptomatic limbs, the thrombus was 
located at least partly in the thigh. In the asymptomatic 
groups, only 47% of the limbs showed thrombi in the thigh, 
with 53% having thrombi limited to the calf. Therefore, there 
was a Statistically significant difference in the location of 
thrombi in the symptomatic vs. asymptomatic groups (p < 
0.001). 

For purposes of statistical analyses, both the SFV and PV 
were divided into single and multiple groups. There were 
multiple SFVs in 31% of the total limbs we examined. Of the 
limbs with multiple SFVs, 40% had DVT. This was a statisti- 
cally higher incidence (p < 0.001) than that seen in the 19% 
of those limbs with a single SFV. Only 41% of the DVT limbs 
with multiple SFVs were symptomatic, whereas 72% of DVT 
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TABLE 1: Distribution of Thrombi by Anatomic Site 





Thrombotic Site Asymptomatic (%) Symptomatic (%) 








Pelvic veins only .............. 0 1 (1) 
Thigh and pelvic veins .......... 0 4 (5) 
Thigh veins only .............. 14 (39) 25 (31) 
Thigh and calf veins............ 3 (8) 37 (46) 
Calf VEINS OMY 6445544484500 19 (53)* 14 (17)* 
Obs 6 6 isls'e AoA e aE ae Me Es 36 (100) 81 (100) 


TABLE 2: Relation of Deep Venous Thrombosis between Single 
and Multiple Superficial Femoral Veins 




















SFV Number 
z Single Multiple l Total 
DVT (+): 
Asymptomatic (A).......... 11 22 33 
Symptomatic (B) .......... 26 15 — 48 
subtotal (C) ec ches havea 88 < Z7 76 
DVT (-): 
Asymptomatic (D) ......... 123 34 157 
Symptomatic (E) .......... 41 E 63 
SuUDtOtal (F) ereraa 164 56 220 


SSS SS E O 
Note.—DVT = Deep venous thrombosis; SFV = superficial femoral vein. A:D, A:B, C:F, 
p < 0.001. 


TABLE 3: Relation between Valve Number and Patient Groups 














Valve Number 
7 o <5 >5 o Total 
DVT (+): 
Asymptomatic (A).......... 11 19 30 
Symptomatic (B) .......... (12 16 28 
Subtotal (C) ............ o 2 35 58 
DVT (—): 
Asymptomatic (D) ......... 110 47 T9 
Symptomatic (E) .......... 46 17 63 
Subtotal (F) ............ 156 64 220 





Note.—C:F, p < 0.001. 


limbs with a single SFV were symptomatic (jo < 0.001) (table 
2). We found no difference relative to symptomatology and 
incidence of DVT between single and multiple popliteal veins. 
Table 3 shows that 60% of limbs with thrombi had more than 
five valves, whereas only 29% of limbs without thrombi had 
more than five valves (p < 0.001). 


Discussion 


The false-positive rate of clinical symptoms for DVT verified 
by venography was 46%-67% in previous reports [9-11] and 
was 44% in our study. One also should note that 19% of our 
clinically asymptomatic limbs demonstrated thrombi on ven- 
ography. This finding is similar to that of a previous report of 
22% [9]. Our data again support the assertion that clinical 
symptoms alone are not reliable for the diagnosis of DVT [7, 
9, 11]. As previously reported, 29% of thrombi are located 
exclusively in the calf [9]. In our study, 28% of the total 
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Fig. 2—Thrombosis of superficial 
femoral vein (SFV). Leg venogram shows 
filling defect in upper SFV (arrows) that 
completely occludes lumen. Thrombus 
apparently propagated from one branch 
(large asterisk) of duplicated SFV with 
spariag of other (small asterisk). This pa- 
tient, probably because of this internal 
collateral, had no symptoms. Venography 
was performed because of positive radio- 
nuclide venogram, routine in our depart- 
ment when lung perfusion scan is per- 
formed for diagnosis of pulmonary em- 
bolism. 


Fig. 3—Deep venous thrombosis in 
two patieats; both patients illustrate mul- 
tiple superficial femoral veins. A, Throm- 
bus (arrows) in one channel of asympto- 
matic limb. B, Multiple channels are in- 
volved (arrows) in painful swollen limb. 


2 


thrombi were also confined to the calf. However, our addi- 
tional information demonstrates that the asymptomatic DVT 
limbs have a Statistically higher incidence (53%) of pure calf 
thrombi than symptomatic ones (17%). A previous report 
showed no specific clinical feature relating to proximal and 
distal thrombi [9]. Our findings support Piulachs’ theory [12], 
which asserts that the initial subfascial and later epifascial 
edema distal to the thrombus causes the clinical symptoms 
including pain and swelling. The limb with the thrombus 
confined to the calf has much better collateral circulation, SO 
it is less prone to develop subfascial edema and hence may 
not develop epifascial edema. Obviously, this failure to de- 
velop edema results in “silent” DVT. 

We found another factor responsible for absence of symp- 
toms, namely, multiple superficial femoral veins. In these 
patients, complete occlusion by the thrombus is less likely 
because multiplicity may offer internal collaterals, preventing 
epifascial edema (fig. 2). Our study, furthermore, showed that 
multiple-SFV limbs had a higher chance of having DVT (40%) 
(fig. 3) than single-SFV limbs (19%). This is in contrast to 
those limbs with multiple popliteal veins, where no such 
incidence occurred. Perhaps the high incidence of DVT in 
multiple SFVs can be explained by increased blood volume in 
the venous pool and conversely a decreased flow rate, which 
probably predisposes the limb to DVT [13, 14]. 

Limbs with DVT also had a greater likelihood of having a 
valve number greater than five (fig. 4) than normal limbs (60% 
vs. 29%). This suggests that the more valves a limb has, the 
more likely venous stasis occurs. This is supported by pre- 
vious work, which showed that intermittent changes in veloc- 
ity, instead of sustained increases, for the purpose of emp- 
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Fig. 4.—Multiple valves in patient with deep venous thrombosis of papliteal 
vein. Age of thrombus is unknown because there was nonfilling of popliteal 
vein. 
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tying the valve cusps is effective for preventing postoperative 
DVT [15, 16]. That the limb with more valves has a higher 
risk of DVT provides the real evidence that stasis [4] is a 
Causative factor for clinical thrombosis as hypothesized by 
Virchow in 1854. 

In summary, because of the unreliability of clinical symptom- 
atology of DVT, venography is necessary before starting 
treatment. 

Our study demonstrates that limbs with multiple SFVs and 
more than five valves between the level of the popliteal fossa 
and ischial spine are at much higher risk for thrombosis. 
Patients with multiple SFVs, however, have a lower incidence 
of clinical symptoms most likely relative to internal collateral. 
Finally, the asymptomatic DVT limbs had a higher incidence 
of thrombi confined to the calf. This anatomic-pathologic 
correlation study makes prediction of potential DVT and its 
characteristics possible. One may wish to consider the advis- 
ability of performing preoperative venography on clinically 
high-risk patients. 
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“Washout” Technique for Brachiocephalic Angioplasty 


Bruce J. Derauf,’ David L. Erickson,* Wilfrido R. Castaneda-Zuniga,' John F. Cardella,' and Kurt Amplatz ' 


Percutaneous transluminal angioplasty (PTA) of the brachi- 
ocephalic arteries has been described for treatment of symp- 
toms secondary to fibromuscular dysplasia [1], subclavian 
Steal syndrome [2], and postoperative stenosis [3]. The tech- 
nique has been used to a much lesser extent in the treatment 
of atherosclerotic disease, either as the primary modality [4- 
8] or in combination with a carotid endarterectomy [9]. Re- 
luctance to use PTA for atherosclerotic disease is related to 
the morbidity associated with distal embolization into the 
cerebral circulation. We report a case of PTA of atheroscle- 
rotic narrowing of the right innominate and common carotid 
artery done in conjunction with a common carotid arteriotomy 
and a “washout” of angioplasty debris. 


Case Report 


A 60-year-old woman had a several month history of recurrent 
right hemispheric transient ischemic attacks resulting in left-sided 
weakness. and numbness that had recently become a constant al- 
though minor deficit. She had an associated very loud and annoying 
bruit perceived as a loud pulsatile buzzing in her right ear. In addition 


Fig. |.—A, Arch aortogram before ver- 
tebral artery reimplantation shows 80% 
stenosis rigħt innominate artery (short 
solid arrow), 70% stenosis right subcla- 
vian (long selid arrow), 90% stenosis ori- 
gin left vertebral artery (curved arrow), 
and 50% stenosis left subclavian artery 
(open arrows). B, After vertebral artery 
reimplantation: 80% stenosis origin right 
common carotid artery (/arge arrow); 70% 
stenosis origin right vertebral artery (small 
arrow). 
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she had a 2 year history of vertebrobasilar insufficiency. About 6 
months before our procedure the patient underwent angiography (fig. 
1), which showed high-grade stenoses of the right innominate artery, 
the origin of the right common carotid artery, the origin of the right 
vertebral artery, the distal right subclavian artery, the proximal left 
subclavian artery, and the origin of the left vertebral artery. Shortly 
thereafter the patient underwent resection of the diseased segment 
of the left vertebral artery with reimplantation distally on a more 
normal part of the subclavian artery (fig. 1b). The vertebrobasilar 
symptoms resolved, but despite adequate medical therapy, her right 
hemispheric symptoms persisted. She did not wish to undergo an- 
other major vascular operative procedure. 

The patient was brought to the angiographic-operative suite, which 
is equipped with C-arm fluoroscopy. Intravenous Valium and Seconal 
were given for mild sedation. Using a femoral artery approach, 
pullback pressures from the common carotid artery to the aorta 
revealed a gradient of 55 mm Hg. Using local anesthesia, the neuro- 
Surgeon cut down to the common carotid artery and isolated a 4 cm 
segment. Vascular loops were placed at the proximal and distal 
margins of the isolated segment, and test occlusions of the vessel 
were done without incident. Then, 5000 units of heparin was admin- 
istered intravenously. A 1 cm longitudinal arteriotomy was made 
midway between the occluding loops. A 7 French headhunter catheter 
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was then positioned across the stenosis, and a 260 cm exchange 
guidewire was advanced past the arteriotomy site. An 8-mm-diam by 
8-cm-long high-pressure balloon catheter was advanced over the 
guidewire and positioned across both the right innominate and com- 
mon carotid artery stenoses (fig. 2). The balloon was inflated slowly 
to a pressure of 4 atm; this was maintained for 20 sec. The stenosis, 
which began as a single, long, prominent “waist” in the balloon, 
resolved rapidly in the first 10-12 sec. The balloon pressure was 
then raised for an additional 10 sec to 6 atm. Just before the balloon 
deflation the loop below the arteriotomy was released. With the 
vessel loop above the arteriotomy tightly secured, the balloon was 
deflated and potential angioplasty debris was “washed out” through 
the arteriotomy with a vigorous 2 or 3 sec rush of pulsatile arterial 
flow. The lower loop was reoccluded. The balloon and wire were 
withdrawn into the descending thoracic aorta. The arteriotomy was 
again allowed to bleed for 4-5 beats and was then surgically closed 
using standard technique. An arch aortogram (fig. 3) demonstrated 
an excellent result. There were no neurologic complications. The 
patient was continued on heparin, 750 U/hr intravenously for 2 hr, 
after which it was discontinued due to the development of neck and 
groin hematomas. The patient was maintained on aspirin and Per- 
santine. Follow-up at 2 months revealed significant resolution of 
left-sided symptoms and elimination of the bruit and its annoying 
buzzing. 


Discussion 


Prior to this case, brachiocephalic PTA had been performed 
on five patients at the University of Minnesota Hospitals. Two 
patients suffered neurologic sequelae. One patient underwent 
PTA of a nonatherosclerotic, postcarotid endarterectomy 
stricture in her left common carotid artery several weeks after 
surgery. Immediately after an unsuccessful balloon dilation 
she suffered a cerebrovascular accident. Fortunately her 





AJR:146, April 1986 


Fig. 2.—8 mm x 8 cm high-pressure 
balloon catheter placed across right in- 
nominate artery stenosis (curved arrow) 
and proximal right common carotid artery 
stenosis (straight arrow). 


Fig. 3.—Arch aortogram shows in- 
creased diameter of right innominate and 
common carotid arteries immediately 
after angioplasty. 


symptoms gradually resolved over a 48 hr period. The second 
patient underwent PTA of the left subclavian artery near its 
origin. It was thought that the left vertebral artery would be 
protected since a subclavian steal syndrome was present. 
However, immediately after the dilation the patient developed 
a brainstem infarction that left her with a severe permanent 
deficit. 

Some authors [5, 7] have suggested a variety of criteria for 
determining which patients should have brachiocephalic PTA. 
In our series, despite adherence to published or reported 
patient selection criteria, significant complications occurred in 
two of our first four patients. Therefore, in the fifth patient 
who had disease in both the right innominate artery and at 
the right carotid bifurcation, a conjoint procedure was sug- 
gested to the neurosurgeons during which the innominate 
angioplasty was performed through the carotid arteriotomy 
using the portable operating room C-arm. The same controlled 
“washout” of debris was used to prevent cerebral emboliza- 
tion, and the patient did very well. However, since it was very 
technically difficult having both the surgeons and the radiolo- 
gists trying to work in the same small site, it was elected to 
use a femoral approach for the angioplasty catheter in future 
patients. In cases where a femoral approach is not possible, 
a transarteriotomy angioplasty can achieve the same result 
with equal safety and one less site for a possible hematoma. 

Although atherosclerotic disease of brachiocephalic vessels 
has been considered a contraindication to PTA [10], we 
believe that many of these admittedly less common central 
lesions can be safely treated using the technique of concom- 
itant vascular cutdown and arteriotomy with “washout” of 
angioplasty debris through the arteriotomy site. The technique 
is particularly indicated in patients at high risk for general 
anesthesia. 
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Percutaneous Transluminal 
Angioplasty of Renal 
Transplant Arterial Stenoses 





Renal artery stenosis is a relatively frequent occurrence after renal transplantation. 
Forty-three hypertensive patients with such a stenosis underwent percutaneous trans- 
luminal angioplasty (PTA). The procedure was successful in 35 patients (81%). One 
month after a primary successful PTA, 74% of patients were improved. Restenosis 
occurred in seven patients. It was diagnosed in all seven before the fifth post-PTA 
month. In six patients, repeat PTA was attempted and was successful. One year after 
successful PTA, 67% of the patients were improved. No complication causing loss of 
renal parenchyma or needing surgery occurred. PTA is the procedure of choice for relief 
of transplant renal artery stenosis in patients with hypertension refractory to medical 
treatment or decline in renal function. It is effective and appears safer than surgery. 


Favorable experiences with percutaneous transluminal angioplasty (PTA) of 
transplant renal artery stenosis have recently been reported [1-11]. However, the 
number of reported cases remains low and the follow-up is short. We report our 
experience with PTA in 43 patients with such stenoses. 


Subjects and Methods 


PTA was attempted in 43 patients having transplant renal artery stenosis. Forty-one 
patients had a stenosis of the surgical anastomosis or the main renal artery distal to the 
anastomosis, and seven had a stenosis of a renal artery branch. The transplant kidney was 
partially infarcted in five cases. Among the 43 patients, 40 had uncontrolled hypertension 
despite treatment with three or more antihypertensive drugs, two had hypertension controlled 
by at least three antihypertensive drugs, and one patient, on hemodialysis for 6 months, was 
normotensive on beta blocker antihypertension drugs. 

Twenty patients had an end-to-end anastomosis of the donor renal artery to the recipient 
internal iliac artery, and 22 had an end-to-side anastomosis of the donor renal artery to the 
recipient common or external iliac artery. One patient had already been operated on for 
transplant renal artery stenosis: a venous graft had been anastomosed to the donor renal 
artery and the recipient external iliac artery. 

The site of arterial puncture for PTA varied according to the type of anastomosis. In 
patients with end-to-side anastomoses, an ipsilateral femoral approach was used; in cases 
of end-to-end anastomosis, a contralateral femoral approach was used 19 times and an 
axillary approach three times. In the patient with a venous graft, both contralateral and 
ipsilateral femoral approaches were attempted. 

Using the Seldinger technique, a diagnostic catheter was advanced just proximal to the 
stenosis, control arteriography was performed, and heparin (4000-5000 U) was injected 
intraarterially. A guide wire was placed through the stenosis, and the diagnostic catheter was 
withdrawn. The balloon catheter (Grüntzig or Olbert type) was advanced over the guide wire 
and positioned at the site of the stenosis. The diameter of the balloon ranged from 5 to 7 
mm. It was chosen equal to or 1 mm larger than the diameter of a nonstenotic zone of the 
renal artery measured from angiography. In some patients, the whole renal artery was 
narrowed, in which case, a 5-mm balloon was at first used. On one occasion, a renal artery 
branch was dilated only by positioning the balloon catheter through the stenosis without 
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inflating the balloon. Under fluoroscopy, the balloon was inflated to 
about 5 atm for about 20 sec. If the indentation of the stenosis on 
the balloon did not disappear, another inflation at higher pressure 
was performed. The highest pressure reached was 9 atm. Using the 
dilating catheter, a completion arteriogram was performed to rule out 
complications and evaluate any residual stenosis. If it showed that 
the stenosis was not eliminated, another dilatation was immediately 
attempted with a larger balloon. Heparin anticoagulation (1000-2000 
U/kg/day) was maintained for 24 hr after the procedure. 

The follow-up of patients was essentially clinical. Improvement was 
defined as a decrease of diastolic blood pressure (BP) of at least 
10%, or as a diastolic BP lower than 100 mm Hg associated with 
discontinuation of at least two antihypertensive medications. Recov- 
ery of renal transplant function allowing interruption of hemodialysis 
was also considered improvement. Angiography was repeated for 
recurrence of hypertension or declining renal function. 


Results 
Primary Success 


In 35 patients (81%), immediate postprocedure angiogra- 
phy showed that the PTA was successful (residual stenosis 
<50%). Thirty-three renal artery stenoses and three renal 
artery branch stenoses were dilated. PTA was successful on 
the first attempt in 20 (91%) of the 22 patients with an end- 
to-side anastomosis (fig. 1), but was successful in only 15 
(75%) of 20 patients with and end-to-end anastomosis (14 on 
the first attempt and 1 on the second). 

Spasm occurred frequently during the procedure. In several 
patients, nitroglycerine (150-300 ug) or papaverine (40 mg) 
was injected into the renal artery. However, spasm never 
Caused complications or forced interruption of the procedure. 
Three complications occurred: one dissection of the renal 
artery, one tiny perforation by the guide wire, and one periph- 
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Fig. 1.—Arteriogram in 38-year-old man with 
end-to-side transplant renal artery anastomosis. A, 
Tight stenosis of main renal artery (black arrow) 
and segmental branch (white arrow). B, After PTA, 
only mild residual stenosis remains in both main 
renal artery and segmental branch. Spasm of seg- 
mental branches is present. 


eral embolus. Lysis of this embolus was obtained in 20 min 
by perfusion of 20,000 U of Urokinase into the renal artery. 
These complications caused neither increase in blood pres- 
sure nor deterioration of renal function. 

One month after PTA, the mean value of diastolic and 
systolic BP and the number of antihypertensive drugs taken 
by the patient were determined. Of 35 primary successes, 26 
(74%) were improved. 

The five patients with segmental infarction were all im- 
proved. On the contrary, four patients with a successfully 
dilated stenosis of the main renal artery and with an intention- 
ally undilated tight stenosis of a segmenta! or subsegmental 
renal artery branch were all unimproved. One patient, on 
hemodialysis for 6 months before PTA, had a nearly normal 
serum creatinine level 1 year after PTA. In 32 other patients 
(two other patients being excluded for rejection or urologic 
difficulties), the mean creatinine level dropped by 7% 1 month 
after the PTA from 165 to 153 „mol/L (not statistically signif- 
icant). 

Restenosis occurred in seven patients and was diagnosed 
in all seven before the fifth month following PTA. In six of 
these patients, repeat PTA was attempted (fig. 2). The mean 
delay between the dilatations was 4.5 months (range, 2-8 
months). The repeat PTA was technically successful in all six. 
A dissection of the external iliac artery, less than 1 cm long, 
occurred once and had no clinical consequence. With at least 
6 months of follow-up, three patients were improved while 
two others again suffered restenosis. One of the latter has 
had nephrectomy for hypertension unresponsive to the med- 
ical treatment. The other remains unimproved on continued 
medical management. The follow-up of the sixth patient after 
the repeat PTA is only 1 month; he was improved at that 
time. 
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Fig. 2.—Arteriogram in 47-year-old woman on 
hemodialysis with medically controlled hyperten- 
sion. A, Arterial phase: very tight stenosis of renal 
artery (arrow). B, After PTA, only mild stenosis 
remains. Spasm is present in segmental branches 
(arrows). C. 3 months after initial PTA: control an- 
giogram icentifies recurrent stenosis (arrow). D, 
After repeat PTA, mild stenosis remains. 


Primary Failures 


There were eight primary failures: two patients with an end- 
to-side anastomosis, five with an end-to-end anastomosis, 
and the patient with a venous graft. Seven failures were due 
to our inability to position the balloon catheter through the 
stenosis despite 10 attempts. In one patient the stenosis was 
not reduced by either a 5- or a 6-mm balloon. Among these 
eight patients, five have a “ollow-up longer than 1 year. In 
two, surgical correction of the stenosis was successful: both 
patients were improved. Nephrectomy was performed twice: 
once because of a late rupture of the kidney, the other for 
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hypertension unresponsive to medical treatment, surgical re- 
vascularization being unfeasible. The last patient has been 
medically managed and remains hypertensive and unim- 
proved. 


Discussion 


The reported incidence of transplant renal artery stenosis 
ranges from 0.6% to 16% [12, 13]. The real incidence, 
however, has been underestimated, since angiography is not 
performed routinely. Lacombe [14], in a prospective study, 
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evaluated 100 consecutive transplant recipients and found 
that 23 patients had arterial stenosis. Such stenosis may 
result in decline in renal function, hypertension which may 
represent a serious problem when uncontrolled medically, 
and even occlusion of the transplant renal artery [10]. In our 
institution, from January 1, 1981 to November 30, 1984, 243 
renal transplants were performed with immediate success. In 
34 patients (14%), transplant renal artery stenosis required 
radiologic or surgical treatment. PTA was the initial treatment 
in 32 patients (13%), and surgical repair was the initial treat- 
ment in two (one postoperative dissection of the iliac artery 
narrowing the transplant artery and one stenosis of the trans- 
plant artery). 

The frequency of primary success with PTA was 81%. 
Inability to place the balloon of the dilatation catheter through 
the stenosis explains most immediate failures. Since this 
event is more common in case of end-to-end anastomosis to 
the internal iliac artery, surgeons should be encouraged to 
avoid this type of anastomosis and to perform end-to-side 
anastomosis to the external iliac artery. Another cause of 
immediate failure is the return of the stenosis on deflating the 
balloon [15]. The use of a larger balloon often allows satisfac- 
tory dilatation of these lesions. 

One month after technically successful PTA, nine patients 
(26%) were unimproved. This group includes the four patients 
in whom at least one tight stenosis of a renal artery branch 
distal to a first stenosis was not dilated. Consequently, PTA 
of renal branch vessels should, when feasible, be performed 
in conjunction with PTA of the main renal artery. Hypertension 
in transplanted-kidney recipients is multifactorial, and other 
factors probably explain the failure of PTA in lowering the 
blood pressure in the five remaining patients. Stenoses were 
dilated in five patients with segmental infarction of the trans- 
plant and all five were improved by the procedure. Thus, 
segmental infarction does not reduce the effectiveness of 
PTA. 

The effect of PTA in reducing hypertension persists. One 
year after PTA, hypertension was improved in 67% of our 
patients. Lack of improvement was explained in three of five 
patients by restenosis. 

In bilateral renal artery disease or unilateral disease with a 
solitary functioning kidney, refractory hypertension in associ- 
ation with renal insufficiency is a relatively common clinical 
presentation [16]. In transplant recipients with renal artery 
stenosis, such an association is frequent. An accurate evalu- 
ation of the relative part of renal insufficiency due to stenosis 
and to other factors such as rejection is difficult. Renal func- 
tion may improve very quickly and has been seen as soon as 
the day after PTA. In other patients renal function remains 
stable. Finally, a transient decline in renal function after PTA, 
possibly due to the toxicity of contrast material, may occur. 
One month after PTA, the effects of contrast material have 
disappeared, but rejection and urologic troubles may have 
occurred and caused deterioration of renal function. On the 
other hand, some antihypertensive drugs may be discontin- 
ued and renal impairment related to these medications is 
diminished [17, 18]. In our series, the average creatinine level 
drop was 7% 1 month after the procedure (not statistically 
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significant). Three patients were excluded from this evaluation 
of the renal function: two because of new events influencing 
the creatinine value (one rejection and one ureteral necrosis 
with leak and infection requiring surgical repair); the third 
patient was in hemodialysis for 6 months before PTA and the 
basal value of the creatinine was not available. This latter 
patient was on hemodialysis for 6 months before PTA, and 
after the procedure, his creatinine dropped to an almost 
normal value. 

Surgical treatment of transplant renal artery stenosis carries 
considerable risk for the transplant kidney [13, 19, 20]. PTA 
appears much safer. We have attempted PTA for these 
stenoses 54 times. Emergency surgery has never been re- 
quired, and no renal parenchyma has been lost. However, 
serious complications resulting in partial or total transplant 
loss have been reported [16, 21, 22]. Therefore, we believe 
that PTA should be attempted only in selected cases, princi- 
pally in patients with deterioration of rena! function or with 
hypertension refractory to medical management. 

Restenosis seems to occur during the first 6 months after 
PTA and is relatively frequent (seven cases in our series). 
Other restenoses may have gone unnoticed, since follow-up 
angiography was performed only in patients with recurrent 
hypertension or decline in renal function and because hyper- 
tension may spontaneously resolve in renal transplant recipi- 
ents [23]. This improvement is rarely due to reversible ste- 
nosis of the renal artery [24], but rather appears related to 
other factors causing hypertension in renal transplant recipi- 
ent. 

Angioplasty of transplant renal artery stenoses is safe and 
effective and should be the procedure of choice for treatment 
of hypertension refractory to medical treatment and/or decline 
in renal function due to transplant renal artery stenosis. Sur- 
gical reconstruction may still be performed in case of failure 
of PTA. 
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Transluminal Angioplasty of 
Complete Iliac Obstructions 





Of 64 complete iliac obstructions, 50 (78%) were recanalized using the Gruntzig 
balloon catheter. Life-table analysis of the patency rate over a 4-year period gives a 
cumulative success rate of 78%. Only three of eight obstructions that involved both the 
common and external iliac arteries were successfully dilated. The only serious compli- 
cation was distal embolization, which occurred in two cases (3.1%). Although the 
procedure is difficult, with a relatively low technical success rate, the high cumulative 
patency rate should make it an option in the treatment of all patients with totally occluded 
iliac artery segments. 


There have been only a few reports of transluminal dilatation of complete iliac 
obstructions, and the number of cases described has been small [1-9]. In 1981, 
we reported the results of transluminal angioplasty of eight complete iliac obstruc- 
tions [5]. This series was subsequently increased to 14 patients, with a maximum 
follow-up of 2 years [6]. At that time we concluded that, although technically more 
difficult, the long-term results were as good or better than those achieved after 
dilatation of iliac stenoses. 

We have now successfully recanalized 50 obstructions, and the follow-up period 
has increased to 5 years. We describe the technique and document the long-term 
results. 


Subjects and Methods 


Recanalization of 64 iliac obstructions was attempted on 59 patients. Two patients had 
bilateral obstructions. One patient had a successful repeat dilatation after an initial failure. 
One patient with bilateral obstructions had two unsuccessful attempts to dilate the right iliac 
after successful dilatation of the left iliac. 

There were 35 men and 24 women aged 30-84 years (average, 59 years). All the 
obstructions were due to atherosclerosis, with the exception of a thrombosis of the external 
iliac artery suffered by a 30-year-old woman after catheter infusion of liver metastasis. 

The obstructed segments were 1.0-19.0 cm long. The sites and lengths of the obstructed 
arteries are summarized in table 1. Most patients (84%) presented with severe claudication. 
The indications for treatment are summarized in table 2. 

Early in the series, each patient received enteric-coated aspirin 325 mg twice a day and 
dipyridamole (Persantine) 50 mg three times a day beginning 3 days before the procedure 
and continuing for 1 month afterward. The amount of aspirin has subsequently been 
decreased to 325 mg daily. 

The procedure is not painful and is performed under local anaesthesia. An intravenous 
solution is administered throughout the procedure to counteract the diuretic effect of the 
contrast medium and its possible toxic effect on the kidneys. 

In all cases, the common femoral artery was patent and it was possible to approach the 
obstruction from the ipsilateral side. The femoral artery can usually be palpated and punctured 
even if no pulse is present. If the patient is obese, fluoroscopy may be used to locate the 
artery, which usually lies close to the medial border of the femoral head. 

A red Kifa catheter with a short, hockey-stick-like bend at the distal end is used to pass 
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TABLE 1: Attempted Dilatation of 64 Iliac Obstructions 








Average Technical Technical 

Artery Number Length Success, Failure, 

p 7 oe (cm) no. (%) : no. (%) 
Common ..... 43 4.6 37 (86) 6 (14) 
External gas 13 8.9 10 (77) 3 (23) 
Both _. phen 13.6 3 (37) 5 (63) 
Total....... 64 50 (78) 14 (22) 


TABLE 2: Indications for Angioplasty 





Indication No. (%) 
Mild claudication .... 2 {3 
Severe claudication... LL. 54 (84) 
Night or rest pain LLL. 4 (6) 
Ulcer and gangrene .. oo. 3 {5) 
Adjunct to distal surgery .... t. €2) 


the obstruction. Unlike the superficial femoral arteries, the iliac arteries 
are rarely straight. However, the course of the obstructed segment 
can usually be outlined by advancing the catheter into the thrombus 
and injecting a small amount of contrast material. Often the catheter 
alone can be advanced through most of the length of the obstruction 
without the aid of a guide wire. If a wire is required, the catheter tip 
is first turned in the direction of the next segment and the straight 
wire then extended a short distance beyond the tip. The catheter 
may then be advanced over the wire. After this maneuver, the wire 
should be removed and more contrast material injected to confirm 
the position of the catheter within the vessel. 

The aortoiliac junction is the most difficult section of a common 
iliac Obstruction to traverse. Either the catheter or the guide wire may 
deviate at this point into the wall of the aorta rather than the lumen. 
In this case, it may be necessary to pass a second catheter from the 
contralateral femoral artery around the aortic bifurcation until the two 
catheters meet. 

Once the catheter is proximal to the obstruction, 5000 U of heparin 
is injected and the catheter replaced by an angioplasty balloon 
catheter. The diameter of the balloon required can be estimated by 
measuring the diameter of the contralateral iliac artery or the patent 
part of the iliac artery on the same side and using the uncorrected 
diameter for the balloon diameter. Since some magnification is pres- 
ent, a balloon chosen in this manner will be slightly larger in diameter 
than the true lumen. If possible, a balloon should be used that is long 
enough to extend completely through the obstruction. If the obstruc- 
tion is longer than 10 cm, the balloon should be inflated in overlapping 
segments as it is withdrawn through the obstruction. 


Results 
Technical Success 


The procedure was considered technically successful if the 
obstruction was passed by the catheter and, after inflation of 
the balloon, the pressure gradient was reduced and repeat 
angiography revealed a patent lumen. Overall, 50 (78%) of 
the 64 attempted dilatations were technically successful. 

The difficulty in passing a catheter through an obstruction 
(and therefore the frequency of success) is directly related to 
the length of the obstruction (table 3). Thus, 92% of those 
obstructions of either the common or external iliac artery 5.0 
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TABLE 3: Technical Success and Cumulative Patency Rate 
Related to Length of Obstruction 

















i o <5.0 cm l >5.0 cm i Total 
Number... 222. 27 af 64 
Technical success, 
no. (%)..... 25 (92) 25 (70) 50 (78) 
Cumulative patency 
rate,% ....... 72 86 78 
100 $ 
Pie. 
= a KN 
‘i - a a E E. 


70 (14) (10) (3) 





PATENCY RATE (%) 
n 
© 


n= 50 





MONTHS 


Fig. 1.—Life-table analysis gives cumulative patency rate of 78% after 48 
months. Numbers in parentheses are numbers of patients followed. 


cm or less in length were technically successful. In contrast. 
only 70% of lesions longer than 5.0 cm were successfully 
dilated. Combined obstructions of both the common and 
external iliac arteries (average length, 13.6 cm) were the most 
difficult, with a technical success rate of only 37% (table 1). 


Long-term Follow-up 


In assessing the long-term results, a dilatation was consid- 
ered successful only if the following criteria were met [10]: (1) 
symptoms improved by at least one clinical grade; and (2) the 
vascular laboratory results improved (tests performed in- 
cluded the measurement of ankle systolic blood pressure, 
quantitative Doppler velocity recordings, and exercise testing 
on a treadmill). 

The 4-year cumulative success rate of the 50 technically 
successful dilatations was calculated by life-table analysis. 
Although the number of patients who have been followed 
longer than 4 years is too small to include in the analysis, it 
is worth noting that two arteries are still patent 65 and 66 
months after the procedure. 

The overall 4-year cumulative success rate was 78% (fig. 
1). The success rate for the 25 obstructions 5.0 cm or less in 
length was 72%, while the 25 lesions that were longer than 
5.0 cm had a success rate of 86% (table 3) Thus, although 
the length of the lesion is important in detesmining technical 
Success, it has no relation to long-term patemcy. Of the three 
combined common and external iliac obstructions that were 
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technically successful, one failed at 1 month and the other 
two were still patent at 7 and 42 months, respectively. 


Complications 


Although hematomas at the femoral puncture site were 
common. none were severe enough to prolong the patients’ 
hospital stay. In two patienzs the wall of the obstructed iliac 
segment was perforated bw the guide wire. Neither patient 
had clinical evidence of bleeding during or after the procedure. 
In one of these patients, extravasation of contrast material 
was noted while attempting to pass a catheter through the 
obstruction and the procedure was immediately terminated. 
The other patient, after an unsuccessful dilatation, was noted 
to have a hematoma surrounding the iliac artery during aor- 
tofemoral bypass surgery a few days later. 

Distal embolization occurred during two procedures (3.1%). 
One patient required surgical removal of thrombus and ath- 
eromatous material that had embolized to the contralateral 
profunda femoral artery after a prolonged attempt to recan- 
alize a combined obstruction of the left common and external 
iliac artery. Catheters had been passed from both common 
femoral arteries, and it was uncertain which had dislodged 
the embolic material. 

The other patient presented with complete obstruction of 
the left common iliac artery and 90% stenosis of the right 
common iliac artery near the aortic bifurcation. During at- 
tempted recanalization of the left-sided obstruction, athero- 
matous material was dislodged which completely occluded 
the stenesed right iliac artery. This was followed by rapid 
thrombosis of the distal aorta necessitating an immediate 
aortobifemoral bypass. 


Discussion 


Total ecclusion of an artery by an atheroma is unusual. 
Most commonly the athercma narrows the lumen until ob- 
struction is precipitated by superimposed thrombus. When 
complete obstruction does occur, thrombus tends to extend 
into the stagnant column of blood both proximally and distally 
until progression is prevent2d by the presence of collaterals 
[11]. 

Thus, when the common iliac artery is occluded, thrombus 
will propagate from the aortic bifurcation to the origin of the 
internal iliac artery. Similarly, atherosclerotic occlusion of the 
external iliac artery will be followed by thrombosis extending 
proximally to the internal ilizc origin and distally as far as the 
common femoral artery. 

The thrombus tends to remain poorly organized forming an 
inelastic, gumlike mass of acellular fibrous tissue [12] that 
may stay unchanged for years [13]. The catheter, therefore, 
can often be passed through most of the length of the 
obstruction with little difficulty, until the original atheromatous 
plaque is encountered. 

The presence of complete occlusion of both the common 
and external iliac arteries is strongly suggestive that plaques 
are present in both arteries. tis the presence of these multiple 
plaques, in addition to the extreme length of the obstructions 
(10.0-19.0 cm), that makes combined obstruction so difficult 
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to pass with a catheter and accounts for the frequency of 
technical success of only 37%. The low success for combined 
obstructions in this series, as well as the fact that one of the 
two major complications was associated with this type of 
obstruction, suggests that angioplasty of these lesions should 
be attempted only if surgery is contraindicated. 

lliac occlusions have been treated by streptokinase infusion 
to lyse the clot followed by dilatation of the atherosclerotic 
stenosis [8]. Although this procedure might be used to ad- 
vantage to treat those patients in whom dilatation alone has 
failed, the complications of streptokinase infusion militate 
against its use as a primary treatment for iliac occlusions. 
These include bleeding at the catheter site or at sites of 
predisposing conditions such as prior surgery, duodenal ulcer, 
cerebrovascular accident, or bronchiectasis. Lang [14] re- 
ported one death, one embolus, and seven episodes of bleed- 
ing from the catheter site, as a result of arterial infusion of 
streptokinase in 35 patients treated for peripheral vascular 
disease. 

It has been suggested that transluminal angioplasty of 
complete occlusions of the iliac arteries should not be at- 
tempted because of the low success rate and high frequency 
of complications [7]. It is true that iliac obstructions are more 
difficult to dilate then iliac stenoses, and the overall technical 
success of 78% achieved in this series is not as high as that 
to be expected after attempted dilatation of iliac stenoses 
(90%-95%). However, if attempted angioplasty of combined 
obstructions of the common and exteranl iliac artery are not 
included, the technical success is a more comparable 89%. 

In assessing the usefulness of a surgical treatment, the 
benefits must be weighed against the risks. The 4-year pat- 
ency rate of 78% after successful angioplasty of an occiuded 
iliac artery is at least as good as that obtained after dilatation 
of iliac stenoses [10]. Although the complication rate is higher 
compared to dilatation of iliac stenoses, the risk is still less 
than that of either an aortofemoral or a femorofemoral graft, 
which have a reported mortality rate of 2.5% [15, 16]. The 
advantages of angioplasty as an alternative to surgery also 
include the use of a local anaesthetic, lower cost, low morbid- 
ity, and the fact that the surgical option is still available if the 
procedure is unsuccessful. 

Dilatation of iliac occlusions is the most difficult of all 
angioplasty procedures and should be attempted only by the 
most experienced angiographers. Nevertheless, if the exper- 
tise is available, the high cumulative patency should make it 
an option in the treatment of all patients with totally occluded 
iliac artery segments. 
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Percutaneous Retrieval of an Unusually Large, Nonopaque 


Intravascular Foreign Body 


Steven S. Morse,’ Edward B. Strauss,’ Sabet W. Hashim,’ Lee H. Greenwood,’ Donald F. Denny,’ and 


Kenneth W. Sniderman' 


Despite an extensive literature concerning intravascular 
retrieval, the problem of the completely radiolucent foreign 
body has received little attention. Most reported cases de- 
scribe fragments of standard percutaneous catheters, guide 
wires. pacing wires, and so on, that are opaque and of a size 


Fig. 1.—A, Lucent wall of cannula is outlined by 
contrast material, with inferior free end located in high 
inferior vena cava (arrowheads) and superior end 
located in nght atrium (arrows). B, Cannula has been 
snared (arrow) and retracted to rght external iliac 
vein. 


comparable to the equipment used to retrieve them [1-5]. 
We describe a patient in whom a 9-cm fragment of a 36 
French radiolucent cardiopulmonary bypass cannula was lo- 
calized using injection of contrast material and retrieved using 
the loop-snare technique. 
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Case Report 


A 62-year-old man with atherosclerotic coronary artery disease 
underwent technically successful coronary artery bypass grafting 
under cardiopulmonary bypass. Venous return was established with 
a disposable, two-stage, 51 x 36 French catheter (Sarns) placed via 
the right atrial appendage. On removal, the distal 36 French stage of 
the catheter, 9 cm long, was discovered to have separated. Attempts 
to locate the separated fragment intraoperatively by palpation and by 
passing an embolectomy catheter via the right atrial appendage were 
unsuccessful. Radiographs of the chest and abdomen before antici- 
pated percutaneous retrieval demonstrated no abnormal opacity. A 
duplicate catheter was radiographed and found to be completely 
nonopaque. 

Initial attempts to localize the embolized fragment by observing 
deflections of opaque guide wires and catheters were unsuccessful. 
Injection of contrast material demonstrated the lucent cannula to lie 
within the right atrium and high inferior vena cava (fig. 1A). A standard 
loop-snare was fashioned. Injection of contrast material via a side- 
arm adapter allowed the inferior free end of the cannula to be seen 
and snared. The snare and cannula were then retracted to the right 
external iliac vein (fig. 1B) and delivered from the common femoral 
vein via surgical venotomy under local anesthesia. 


Discussion 


Percutaneous retrieval of intravascular foreign bodies is 
well established as a safe and effective technique. Despite an 
extensive literature, we found only a single reported case of 
nonopaque foreign body retrieval, using sonography for lo- 
calization and to monitor retrieval [6]. Preretrieval venography 
has been suggested to detect associated thrombus [7]; in 
our case it was instrumental in localizing the inferior free end 
of the cannula, a prerequisite for loop-snare retrieval. 

The size of a catheter embolus affects both its final desti- 
nation and selection of appropriate retrieval equipment [1]. 
The 36 French (12 mm) outer diameter of the cannula re- 
trieved in our patient far exceeds the size of any previously 
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described fragment. Predictably, the long large-diameter frag- 
ment had not traversed the tricuspid valve. We used a loop- 
snare as a potentially less traumatic alternative to forceps or 
other similar devices. 

Nonretrieved intravascular foreign bodies carry a 71% se- 
rious morbidity, with surgical removal generally requiring ma- 
jor operation [3]. As our case demonstrates, percutaneous 
retrieval techniques that rely on radiopacity can be adapted 
to nonopaque fragments if contrast material is used to localize 
the fragment and monitor its retrieval. This enables the pro- 
cedure to be performed fluoroscopically, avoiding cumber- 
some manipulation under sonographic guidance. 
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Gallstone Dissolution with Methyl-Tert-Butyl Ether via 
Percutaneous Cholecystostomy: Success and Caveats 


Eric vanSonnenberg,''* Alan F. Hofmann,* John Neoptolemus,° Gerhard R. Wittich,’ Robert A. Princenthal,' and 


Sarah W. Willson’ 


Allen et al. [1] recently reported the first successful case of 
contact dissolution of multiple small gallbladder stones by 
methyl-tertiary-butyl ether :\MTBE), an aliphatic ether that is 
not volatile at body temperature and dissolves cholesterol 
gallstones rapidly in vitro [2]. We report our initial experience 
with MTBE, which although successful, differed in many 
respects from the prior case. The gallstone in our patient was 
large and solitary and obstructed the cystic duct. In addition, 
side effects occurred with MTBE, and previous mono- 
octanoin infusion was unsuccessful. We wish to document 
the benefits of MTBE and alert radiologists and clinicians to 
the adverse effects that occurred. 


Case Report 


A 70-year-old obese womar with severe chronic obstructive pul- 
monary disease was referred for percutaneous cholecystostomy and 
gallstone dissolution. She had been admitted five times in the prior 6 
months with attacks of biliary colic and acute cholecystitis. Sonog- 
raphy showed a large gallstone. Surgery and general anesthesia were 
considered too hazardous. 

A percutaneous cholecystostomy was performed, using a trans- 
hepatic approach under real-time sonographic guidance with a 22- 
gauge removable hub needle set (Cook). Via a coaxial system, a 
0.038-inch (0.97-mm) guide wire was inserted directly. A 7-French 
polyethylene catheter was placed into the gallbladder (fig. 1A). Tube 
cholangiography revealed a 2-cm solitary stone in the neck of the 
gallbladder, partially obstructing the cystic duct (fig. 1B). 

Monooctanoin (Moctanin) infusion into the cholecystostomy tube 
was begun at a rate of 2.5 ml/ħnr. After 8 hr of infusion, the patient 
developed severe right-upper-quadrant pain and fever necessitating 
discontinuance of the drug. Chokangiography demonstrated impaction 
of the stone into the cystic duct. After resolution of her symptoms a 
week later, the polyethylene tbe was exchanged for a 12-French 
percuftex double-lumen catheter (Medi-Tech) to allow both ingress 
and egress of solvent in the clcsed system [3]. MTBE infusion was 
begun by inserting 2-5 ml into tue catheter, then withdrawing it after 
30 min. The patient experiencec a burning but tolerable pain with the 


Received October 11, 1985; accepted after revision December 30, 1985. 


first infusion of MTBE. After 5 hr of infusion, the stone was smaller 
on cholangiography (fig. 1C). However, the MTBE had beaun to 
erode the percuflex tube, even though in vitro testing had not shown 
any effect on this catheter; the catheter was exchanged for an 8- 
French polyethylene catheter. After a few days’ interval, MTBE was 
begun again, and the stone dissolved after a total of 15 hr of infusion 
(fig. 1D). The patient was heavily sedated by absorption of the ether, 
which produced an obvious odor on her breath. After complete 
dissolution of the stone, the catheter was clamped for a few days. It 
was removed subsequently with no untoward effects. 


Technique and Observations 


This is the second reported case of rapid contact dissolu- 
tion of a cholesterol gallstone in the gallbladder using MTBE. 
Dissolution of gallstones in the gallbladder and bile ducts has 
been attempted with a variety of solvents with a modicum of 
success. Monooctanoin has been the preferred agent, with 
a response in 30%-74% of cases [4-6]. In our patient, 
monooctanoin showed no evidence of inducing dissolution 
after 8 hr of infusion. This was not unexpected, as monooc- 
tanoin often requires several days to weeks for complete 
stone dissolution. Side effects of monooctanoin, particularly 
nausea and vomiting, are related to the infusion rate and 
occur frequently when the infusion rate exceeds 5 ml/hr [4, 
5]. In our patient, its use was associated with impaction of 
the stone in the cystic duct and clinical cholecystitis, neces- 
sitating immediate discontinuation of the infusion. 

MTBE has been used successfully with multiple gallstones 
and with an intrahepatic ductal stone [1]. Our case differs in 
that the gallstone was solitary and quite large (2 x 3 cm), 
making complete dissolution more difficult. Sequential chro- 
matography of the gallbladder effluents from the patient dem- 
onstrated the presence of nonesterified cholesterol; indeed, 
small but macroscopic stone fragments could be seen in the 
bile-ether aspirates. 

MTBE was selected for use as a solvent for contact dis- 
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solution of cholesterol gallstones by Allen et al. [1, 2], who 
reasoned that a less volatile homologue of diethyl ether might 
be safe and efficacious. MTBE is a commercially available, 
relatively nontoxic agent with greater ability to dissolve cho- 
lesterol (20 g/dl) than that of monooctanoin (12 g/dl). The 
extremely low viscosity of MTBE is a key determinant of its 
in vitro dissolution rate for cholesterol model gallstones [7]. 
Three side effects occurred with the MTBE, though none 
caused discontinuance of its use. First, burning-type pain was 
reproduced at the start of the infusions, but gradually became 
more tolerable; contrast and saline injections did not stimulate 
this pain, thus the pain appeared to be due to the MTBE 
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Fig. 1.—Percutaneous cholecystos- 
tomy with real-time sonographic and flu- 
oroscopic guidance. A, Sonogram dem- 
onstrates catheter (arrowheads) adjacent 
to large stone (GS) in neck of gallbladder. 
B, Cholecystogram via percutaneous 
cholecystostomy catheter. Large stone 
(arrowheads) is in neck of gallbladder. 
Stone further impacted after monooctan- 
oin infusion causedkacute cholecystitis. C, 
Reduction in stome size (arrowheads) 
after 5 hr of MTBE. D, Cholecystogram 
demonstrates complete dissolution of 
gallstone. Catheter was clamped next 
day and removed 1 day later. 


itself, rather than infusion pressure and gallbladder distension. 
The second side effect was absorption of part of the MTBE 
by the patient; the ether odor was obvious on her breath. She 
became sedated from the absorbed MTBE, and the effect 
was largely salutory. However, her underlying compromised 
respiratory status demanded that she be observed constantly 
during the MTBE infusions. Diethyl ether, a similar aliphatic 
ether, is a well established human anesthetic. In animals as 
well as the prior reported case, sedation has occurred only 
with very high exposures to MTBE [1, 2]. Finally, one of the 
catheters we used (percuflex material) became macerated 
when exposed to MTBE and bile from the patient; in vitro, no 
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effect had been observed. Although a double-lumen catheter 
of percuflex material may be used safely for other biliary, 
urinary, or enzyme solvents [3] to permit ingress and egress 
in a closed system, obviously it cannot be used with MTBE. 

Several technical points warrant consideration. Percuta- 
neous cholecystostomy through the hepatic parenchyma the- 
oretically creates a confined space to prevent bile leakage. 
We have preferred the removable hub coaxial system for 
gallbladder access, since only a 22-gauge needle puncture is 
made and only a single 0.038-inch (0.97-mm) guide wire is 
necessary [3]. Positioning of the catheter within the gallblad- 
der may assist stone dissolution; in our patient, we coiled the 
catheter in the neck of the gallbladder, allowing the stone to 
be nestled in the curve of the catheter that contained the side 
holes. Whether MTBE treatment needs to be done entirely 
under fluoroscopy [1] or whether the patient may have the 
procedure continued on the ward remains to be determined. 

Contact dissolution with MTBE appears to be a useful, 
nonoperative alternative for treating cholesterol gallstones in 
patients in whom surgery is undesirable. Successful treatment 
of gallstones with focused shock waves also has been re- 
ported recently [8], and it is possible that in time the two 
methods will be used in combination. Chronic ingestion of 
chenodeoxycholic acid [9] or ursodeoxycholic acid [10] will 
keep bile unsaturated in cholesterol so that after MTBE 
dissolution, gallstone recurrence may be treated medically. 
Thus, a variety of nonsurgical methods of treating calculous 
biliary disease continues to evolve. 
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Hollister Disk and Bag System for Intractable Pericatheter 
Leakage: Method for Controlling Psychological and 


Physical Disability 


Ruth Brock' anc Peter R. Mueller’ 


Chronic complications of internal/external biliary catheters 
are well described and in most cases easily controlled [1]. 
However, one of the most difficult problems for a patient is 
uncontrolled leakage of biliary contents and/or ascites around 
a biliary drainage tube [2, 3]. In most cases, leakage is 
indicative of poor side-hole placement, clogging of the cath- 
eter, or increased tract enlargement that can be corrected 
easily Dy exchanging and/or repositioning the drainage cath- 
eter. Still, there are patients in whom these methods fail and 
in whom comfortable palliation is not achieved because leak- 
age of fluid continually soaks their clothing or causes skin 
irritations. 

We have used a system that combines a Hollister disk and 
a Hollister drainable port bag (Hollister, Libertyville, IL) to 
maintain catheter drainage and collect any excess leakage 
around the catheter [4]. This system affords palliation for 
patients who have leakage of bile/ascitic fluid around a cor- 
rectly positioned internal/external biliary catheter. 


Technique 


Our system integrates four separate units (fig. 1). The 
Hollister ostomy disk (fig. 1A) is a standard catheter fixation 
device that consists of a plastic ring with an adhesive backing. 
In a standard (nonleaking) situation the catheter is secured to 
the raised flange of plastic fig. 2). The other components 
consist of a drainable pouch ‘fig. 1B), a catheter access port 
(fig. 1C), and a plastic hole punch (fig. 1D). 

The drainable pouch is sized to fit the protruding flange on 
the ostomy disk so that it can be snapped on the plastic ring 
(fig. 2). Once this is secured, excess leakage around the 
catheter exit site wall flow into the pouch. The inferior end of 
the drainable pouch (fig. 1B) can be opened and the contents 
of the bag emptiec without disturbing the area fitted to the 
ostomy disk. 

The access port and accompanying hole punch are used 
to provide a leakproof seal in situations where passage of a 
catheter through a pouch is necessary. The hole puncher 
creates an exit hole in the pouch by puncturing the bag from 
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the inside out. After all the punch assembly, except the white 
collar (fig. 1D), is passed through the inside of the drainable 
pouch, the access port (fig. 1C) with attached plastic ring is 
placed over the hole puncher and pressed together. The cone 
of the port hole-puncher is then removed. The graduated 
nipple on the access port can be adapted to fit the exiting 
internal/external catheter (fig. 3). The ostomy disk and the 
drainable pouch with access port and plastic hole puncher 
can be bought as separate units. 





Fig. 1.—Four components of Hollister disk and drainage bag system. A, 
Standard Hollister ostomy disk. This component consists of stickum-backed 
adhesive and central raised plastic disk (arrow). B, Drainable pouch consists 
of plastic component that can be coadapted to Hollister ostomy disk. Bottom 
of pouch (arrow) can be opened separately to drain the collected fluid. C, 
Access port (note plastic ring at base, which secures to similar ring on port 
hole-maker). D, Port hole-puncher. Small plastic ring (arrow) at base is intro- 
duced from inside of bag when hole for access port is made. 
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Fig. 2.—Close-up view shows how drainage pouch plastic adaptor (curved 
arrow) attaches to Hollister disk (straight arrow). Drainage catheter is attached 
to plastic part of Hollister disk with suture via adhesive tape wrapped around 
catheter. 


Discussion 


Leakage of bile and/or ascites around a biliary drainage 
catheter is a discouraging and difficult problem for both the 
patient and radiologist. Leaking fluid causes problems with 
the fixation of the catheter because it dissolves adhesives 
that in turn may cause the catheter to move and dislodge. 
Similarly, leakage of fluids may irritate the skin around the 
insertion site and cause extreme patient discomfort. This, 
combined with soiling of the patient's garments, causes sig- 
nificant psychologic discomfort and obviates potential pallia- 
tion in a patient in need of a chronic internal/external biliary 
catheter. 

With the system described above, leaking fluid will drain 
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Fig. 3.—Appearance of access port after it has been adapted to drainage 
bag. Access port seals exiting catheter tightly (arrow) so that contents collected 
in drainage bag will not leak around catheter and soil patient. 


into the pouch, which is connected to the standard ostomy 
disk. Similarly, any fluid that leaks into the bag will not leak 
around the catheter exit point because of the tight fit of the 
access port. Both the drainable pouch and standard drainage 
bag can be emptied independently, and catheter function can 
be maintained despite constant pericatheter leakage. 
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Microcomputer Patient Database Management System for 
an MRI Facility 


Barbara A. Holshouser' and William G. Bradley, Jr.’ 


A management system for a magnetic resonance imaging 
facility was developed to store pertinent patient data and to 
maintain a teaching file. The system was developed on a Digital 
PRO-350 microcomputer using a commercially available database 
software package. The cost cf the system was about $7000. The 
patient data are entered at a terminal by a clerk typist. Input data 
are condensed or abbreviated to accommodate the limited data 
storage on the microcomputer. Cases can be rapidly retrieved 
and sorted on the basis of ary of the 42 data fields available or 
any combination of these fields. The system has been success- 
fully used for 18 months to create directories for a teaching file, 
for presentations, and for clinical research. Census-type data can 
be compiled, and the system can be used for word processing. 


A management system for patient data was recently de- 
veloped at the NMR (nuclear magnetic resonance) Imaging 
Laboratory of the Huntington Medical Research Institute. The 
facility has been in operation for 2 years and has imaged over 
5000 patients. Patient information was stored in several dif- 
ferent log books, as well as in dictated reports and film 
jackets. In addition, a teaching file of the most interesting 
cases was kept. Until recently, the only way to retrieve this 
information was to physically search through these logs and 
records. The need for a computer-based patient information 
system was obvious. 

Several references were found describing database man- 
agement systems used for medical applications developed on 
existing minicomputers [1-3]. Summers and Axel [1] reported 
developing a database for thair MRI facility on a VAX 11/780 
minicomputer. The software for their system was developed 





in-house. More recently, Thompson et al. [3] described a 
database design used in a nuclear medicine department. The 
software for this system was also developed in-house on an 
existing minicomputer system being used to generate patient 
records. This design automatically archived selected patient 
information from reports obviating reentry of data for the 
database. 

Both of these systems were developed on minicomputers 
already in use. Since our facility uses a VAX 11/730 (Digital 
Equipment Corp.) to store and process images from the MR 
imager, we investigated the feasibility of implementing a da- 
tabase system on this computer to avoid additional hardware 
costs. Another advantage of using the existing minicomputer 
would be the possibility of taking data directly from patient 
files on the MR imager to use in the database. One apparent 
disadvantage would be the time required to write the software 
for our facility. In addition, the high utilization of the VAX, for 
both terminal use and disk storage space, precluded conve- 
nient access. We therefore considered a dedicated microcom- 
puter system with commercially available database manage- 
ment software. 


Materials and Methods 
Hardware 


After consideration of several systems, the Digital Equipment Corp. 
(DEC) Professional 350 (PRO-350) microcomputer system was pur- 
chased with 512-kbyte main memory, keyboard, display monitor, 10- 
Mbyte hard disk, and two floppy diskette drives. (A 20-Mbyte hard 
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disk will be available for this system in the near future.) A letter-quality 
printer was also purchased with the system for use with word 
processing software. In addition, the software necessary to allow 
networking to other DEC computers was purchased. Networking to 
the VAX 11/730 would allow file transfers and would make the 
monitors and other peripheral devices interfaced to the VAX also 
available to the PRO-350. The cost of the hardware, operating 
system, and additional software was about $7000. 


Database Software Package 


Among the several packages available, we found that the NPL 
Information Management System written at DeskTop Software Corp. 
(and also available from DEC) best met our requirements. The cost 
of the NPL package at the time we purchased the software was 
about $400 from DEC. NPL is a data management software package 
that allows nonprogrammers to develop their own applications. To 
run on the PRO-350, NPL requires DEC’s P/OS operating system 
with the Prose text editor and a 5-Mbyte hard disk. NPL allows users 
to interactively define the structure of their data files, enter and modify 
data records, and perform queries and sorts on the data to produce 
reports. Any or all of the defined fields can be indexed to provide 
faster searches. The software can operate in either a direct command 
mode or a menu-driven mode, in which all of the above functions can 
be performed in an interactive, conversationlike, question-and-answer 
session. NPL uses the RMS-11 file management ISAM (indexed 
sequential access method), which automatically keeps files in order 
as they are added. Files created with the Record Management 
System on other DEC computers can be used by NPL software. 


Description of Patient Record 


Each patient record is a fixed length record of 402 bytes divided 
into 42 fields. The record format is described in a master file according 
to the name, alias (abbreviated name), printing format, and file format 
for each of the 42 fields. This master file acts as a “blueprint” of each 
record in the database. Data entry and searches are carried out using 
the record format described in this master file. Many of the fields use 
abbreviated codes to describe the information. This was done to 
reduce the number of bytes used for each patient record. A typical 
patient record is illustrated in figure 1. The demographic information 
consists of routine patient information including a field called “other 
Studies,” which indicates whether the patient has had previous stud- 
les in radiology. In addition, two fields were added so that the dictating 
radiologist can indicate when a study needs to be included in the 
teaching file and if slides are available of this study for presentations. 
The acquisition information includes the parameters used to acquire 
the study, as well as a field called “body section” used to generally 
localize the area of the body imaged. This field is often used to 
compile census data. The diagnostic information consists of up to 
four findings and the numerical code associated with each finding 
and a section for free text used for any comments. If additional space 
is needed for acquisition or diagnostic information, another record is 
added for that patient with the additional information. The numerical 
codes used for diagnosis and indications are a modified version of 
the codes published by The American College of Radiology (ACR) 
Index for Roentgen Diagnoses [4]. 


Data Entry and Editing 


A one-page form containing the data above is filled out for each 
patient. The technologists fill out the demographic and acquisition 
information. The form accompanies the patient's films, and when the 
radiologist reads the films, the findings information with ACR codes 
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HMRI NMR DATABASE ENTRY FOR™ 
***DEMOGRAPHIC INFORMATION*** 
PATIENT NAME: DOE.JOHN H. STUDY MO: 12 DAY: 12 YR: 85 
AGE: 100 SEX: M OTHER STUDIES: CT 
REFERRING PHYSICIAN: REFERRING, JOHN 


NMR RUN #: 12345678 


PATIENT 8: 123456 


LOGBOOK PAGE #: AA123 
STORED ON TAPE £: 1234 DICTATING RADIOLOGIST: WGB 


IN/OUT PATIENT(1I/0); O TEACHING FILE(Y/N): Y SLIDES(Y/N): Y 


INDICATIONS: RULE OUT MULTIPLE SCLEROSIS CODE: 18.61 


***aACQUISITION INFORMATION*** 
2) 


PLANE: Z BODY SECTION: HD RESOLUTION: 0.7 TR 2.0 
AVERAGES: 2 

#2 
PLANE: X BODY SECTION: HD RESOLUTION: 0.7 TEs) 0-5 
AVERAGES: 2 

23 
PLANE: BODY SECTION: RESOLUTION: o TR: 
AVERAGES: _ 

***DIAGNOSTIC INFORMATION*#*# 

#1 NMR FINDINGS: NORMAL BRAIN NMR CODE: 18.11 

#2 NMR FINDINGS: FRONTAL SINUSITIS NMR CODE: 231.252 

#3 NMR FINDINGS: NMR CODE: 

24 NMR FINDINGS NMR CODE: 


COMMENTS: GOOD NORMAL STUDY - NO MOVEMENT 


Fig. 1.—Example of completed patient data entry form. 


are filled in. The completed entry form is given to the clerk typist, and 
data are entered at the terminal. A user-defined screen set up 
identically to the form is called from a menu and displayed for the 
typist. The program then uses a cursor to highlight the appropriate 
position on the screen for prompting data entry into each field. Data 
for each field are checked for the appropriate length and data type at 
the time of entry. In addition, NPL allows the user to incorporate 
validation of data at entry. For a chosen field, specific values are 
listed in the program; at entry, only those values are allowed to be 
entered for that field. For example, for the sex field, only M(ale) or 
F(emale) are valid entries. Any other input would cause an error 
message to appear, and the user is prompted with the correct 
choices. Validation of data on entry helps to maintain the integrity of 
the data file and minimizes the proofreading time. The entire form 
can be printed after data entry if the user chooses. 

Having a screen display identical to the form aids in entering the 
data quickly and accurately. A patient's entire record can be entered 
and proofread in less than a minute. If editing is needed, however, it 
can be accomplished easily. The user can search for the patient 
record using any one of the fields. However, since the patient number 
field is indexed, this provides the most rapid means of searching for 
a particular patient record. The entire patient record is then displayed 
along with the positioning cursor for editing. Amy changes can then 
be immediately incorporated into the data file. Floppy diskettes are 
used to back up the data file (as well as other software). A back up 
of the data file is done weekly by the clerk typist and takes about 30 
min. Two sets of floppy diskettes are used for back up, alternating 
each set weekly. 


Queries and Report Writing 


Two methods can be used to search the database and produce 
reports. The first method uses the report mode of NPL software to 
write sentencelike queries of the database. Searches can be con- 
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OTHSTUD 


MRFINDINGS1 


AGE PNT 8 MRCODE1 


24 6 86337 MS CEREBRAL AND BRAINSTEM 18.6124 NO 

677911 MS 18.612 CT 
25 6 6147 MS 18.6125 CT 
26 621222 MS 18.612 NO 
30 054509 MS 18.612 CT 
35 600146 MS 18.612 NO 
37 603002 MS - WIDESPREAD 18.6125 NO 

623659 MS 18.612 CT 
41 481844 MS 18.612 NO 
42 441824 MS 18.612 CT 
44 6 15023 POSSIBLE MS 18.6122 NO 

623681 MS 18.612 NO 
51 536903 MS VS PERIVENT INFARCTS 18.612 GT 
52 6 £5352 MS 18.612 NO 

569332 MS 18.612 CT 
56 617278 MS 18.612 NO 


Fig. 2.—Example of computer search applied to patient database to retrieve 
list of female outpatients included in teaching file who have multiple sclerosis. 
List is sorted by age and includes patient number, findings, and other radiologic 
studies performed. 


ducted using any data field or any combination of data fields. Flexible 
selection logic, such as IF, GREATER THAN, LESS THAN, EQUAL 
TO, CONTAINS, OMITS, AND, and OR, along with the field names 
or aliases are used to creat2 a query statement. The fields to be 
printed are also included in ths query statement. For example, to find 
all the female outpatients wita multiple sclerosis (ACR code 18.612) 
listed in the teaching file and the slide file and to print the patient 
number. findings, and previous studies, the following statement would 
be typed. “IF SEX IS F AND IF IOPATIENT IS 0 AND IF MRCODE1 
CONTAINS ‘18.61’ AND IF TFILE IS Y AND IF SLIDES IS Y PRINT 
PTNUMBER MRFIND1 OTHSTUD.” The output can be sent to the 
console for display or to the printer for hard copy. The user can also 
receive the above list of patients sorted on any field simply by 
including a BY statement. For example, if the user would like the 
above data sorted according to age, the query statement would be 
modified as follows: “IF SEX IS F AND IF IOPATIENT IS 0 AND IF 
MRCODE1 CONTAINS ‘18.61’ AND IF TFILE IS Y AND IF SLIDES 
IS Y PRINT PTNUMBER MRFIND1 OTHSTUD BY AGE” (fig. 2). Up 
to 10 levels of sort can be specified and up to 30 fields can be printed 
per query statement. The format of the printout can be controlled by 
the user and can include heading and statistics, such as TOTAL, 
AVERAGE, COUNT, MINIMUM, and MAXIMUM. For example, a 
yearly census of the number of patients imaged can be performed 
using the COUNT feature. The census can even be broken down by 
month and sorted by the type of study done. In addition, new fields 
can be defined or computed end used in the query statement. 

The second method used to search the database and produce 
reports is to create a commend file to store frequently used query 
statements. In addition to the features just mentioned, these com- 
mand files can be written to incorporate run-time variables, in which 
the user can be prompted by text for input into the query statement. 
The command files are savec on disk and can be accessed by the 
user from a menu. 

Another feature available in NPL is the ability to create smaller 
data files by extracting information from the existing large data file. 
This smaller file, containing, for example, a subpopulation of patients, 
can also be used for querying the database and producing reports. 
Wher this subpopulation is the subject of interest for repeated 
queries, a great deal of time can be saved by obviating a search of 
the entire database each time. 


Results 


At this time, the only database established on this micro- 
computer is the MRI patient records system. However, the 
ability to implement any number of databases is possible, 
limited only by available memory. The data file for 3000 
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patients with two indexed fields requires about 1.5 Mbytes of 
hard disk space for storage. This represents about 1 year of 
patient data. We expect to be able to retain 5 years of patient 
data on the system for immediate access. Patient data older 
than 5 years will be stored on and accessed from floppy 
diskettes. 

The database has been very useful in our teaching facility 
to create a directory of patients included in the teaching file. 
This file is sorted by disease code, making it very easy for 
physicians to choose cases for viewing. Another directory of 
patients is kept, which lists the cases in which slides have 
been made of the films. This list, also sorted by disease code, 
is helpful when putting together presentations. 

The database has proved to be most valuable for clinical 
research. As illustrated in figure 2, complex queries of the 
database are possible to obtain specific lists of patents in 
minutes, which would otherwise take hours to obtain by 
manually looking through patient records. 

A word processing software package has also been in- 
stalled on this microcomputer which increases utilization for 
typing and editing manuscripts. Floppy diskettes are used to 
store manuscripts in order to reserve the maximum amount 
of space on the hard disk for the patient database file. 


Discussion 


When setting up this database management system, a 
primary objective was to make this system easy to use and 
maintain, even for novice computer operators, yet to keep it 
flexible enough to handle future changes. It was decided that 
a dedicated microcomputer with commercially available da- 
tabase software would be used. There are some advantages 
and disadvantages to this decision. In choosing a microcom- 
puter, some speed and memory capacity was given up. In 
return, we have a system that is not dependent on the 
minicomputer used with the MR imaging system. In addition, 
access can be more easily limited with the microsysten, and 
it also fulfills our additional word processing needs. The time 
required for data searches has not been a noticeable problem, 
since these searches are not usually a matter of great ur- 
gency. The extra minutes seem insignificant comparec to the 
time required to search the old manual records for the same 
information. There is a noticeable increase in time to perform 
back ups of the data file to floppy diskettes comparec to the 
time it would take to back up the same file to magnetc tape 
on a minicomputer. However, networking to the VAX 11/730 
used for imaging would allow us to use the magnetc tape 
drive on that system to perform back ups more quickly. In 
the future, if this networking is implemented, we woud also 
pursue the possibility of transferring patient data directy from 
the VAX to the microcomputer, obviating retyping of much of 
the data. 

Consideration had to be given to the smaller memory 
capacity of the microcomputer when defining the patient 
record for the database. As illustrated in figure 1, the infor- 
mation recorded for each patient was abbreviated and/or 
coded for many of the fields in an effort to keep the storage 
requirement per record to a minimum. After using this system 
for 18 months, we believe this has been accomplished without 
jeopardizing the usefulness of the database. 
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A great deal of time was saved by purchasing a database 
software package instead of writing a program in-house. Also, 
software support and updates are available from an estab- 
lished company instead of relying on one programmer. With 
any commercially available software package, the features 
and limitations of that package must be considered carefully 
for a specific application. Working within the limitations of our 
software package, we have been able to successfully install 
and use this database system for all the purposes for which 
it was established. This includes searches of the database 
for patients with specific attributes for research applications, 
as well as for compiling census data. We found that most of 
the time used setting up our database was spent coding and 
entering past patient information. 

There are a large number of microcomputer systems with 
available database software that can be used for the appli- 
cations we have described. In fact, a similar patient database 
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management system is being implemented for the MRI Sec- 
tion at Loma Linda University Medical Center using another 
version of NPL on an IBM Personal Computer. 
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How Important is Radiographic Detection of Diminutive 


Polyps of the Colon? 


David J. Ott,’ David W. Gelfand,’ Wallace C. Wu,? H. Alexander Munitz,’ and Yu Men Chen’ 


With popularization of the double-contrast barium enema 
and increasing use of colonoscopy, detection and removal of 
colonic polyps of progressively smaller size has become 
possible. Before the advent of endoscopic polypectomy, a 1- 
cm polyp was usually regarded as the smallest requiring 
surgical removal if not within reach of the rigid sigmoidoscope 
[1-4]. With the advances in therapeutic colonoscopy in the 
1970s, routine removal of colonic polyps in the 5-10 mm 
range was recommended [5-8]. Current interest is directed 
at the “diminutive colonic polyp,” defined as a lesion smaller 
than 5 mm. Both endoscopic and radiographic reports have 
recently suggested that these tiny colonic growths routinely 
be removed [9-12]. 

Three factors explain these changing recommendations. 
First is the widespread acceptance that most colonic carci- 
nomas arise from benign adenomas [13-16]. Therefore, re- 
moval of colonic adenomas is considered important for pre- 
vention ef carcinoma of the colon. Second is the changing 
concept of the histologic spectrum of diminutive polyps, with 
recent reports of a much hgher ratio of adenomas to hyper- 
plastic polyps than previously believed [9-11]. Third are the 
diagnostic and therapeutic advances that have permitted 
detection of smaller colonic polyps and their easy removal. 
We will review each of these factors and discuss the impor- 
tance of radiographic detection of diminutive polyps of the 
colon. 


Adenoma-Carcinoma Sequence 


The belief that most colonic carcinomas arise from benign 
adenomas has become widely accepted in recent years [6, 


13-16]. The following evidence most strongly supports the 
validity of the adenoma-carcinoma sequence: (1) the coexist- 
ence of invasive carcinoma in benign-appearing adenomas; 
(2) the virtual absence of documented de novo carcinoma 
smaller than 5 mm in otherwise normal colons; (3) the certainty 
that nearly all patients with familial polyposis not having 
proctocolectomy will develop colon cancer; and (4) the dem- 
onstration of an 85% reduction in the anticipated incidence of 
carcinoma of the rectosigmoid colon in patients undergoing 
annual proctosigmoidoscopy and polyp removal [14]. Other 
inferential evidence further supports the concept of malignant 
transformation of large-bowel adenomas [6, 13-17]. 

The prognosis in patients with colorectal adenomas is 
becoming better understood and is an important considera- 
tion in their management and follow-up. Adenoma patients 
have a high risk of developing further adenomas, although 
most never become malignant, and a much smaller risk for 
the evolution of cancer [17]. The cumulative risk for the 
development of additional adenomas has been shown to 
increase almost linearly, and to be about 15% at 5 years of 
follow-up and about 50% at 15 years [17]. The magnitude of 
cancer risk was substantially less than that for adenomas, 
and was negligible at 5 years and about 9% at 15 years. In 
this same study, the risk of cancer in patients with adenomas 
smaller than 10 mm was significantly less (only 5%) at 15 
years. These data suggest that in older patients detection 
and removal of small adenomas is less crucial. For example, 
at 70 years of age, where the life expectancy in the United 
States is 14 years [18], the development of clinically apparent 
carcinoma from diminutive adenomas would likely be rare. 
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TABLE 1: Prevalence of Adenomas in 3799 Diminutive Polyps 
of the Colon Reported in Five Large Series 











Reference sh o No. of m 
ases Adenomas (%) 

C: E 300 111 (37) 
ee 329 162 (49) 
eee 1124 572 (51) 
(24) 0000008. 1046 638 (61) 
| eee 1000 861 (86) 
Total... 3799 2344 (62) 





Pathologic Nature of Diminutive Colon Polyps 


Colonic polyps smaller than 5 mm nearly always arise from 
the epithelium and are typically hyperplastic or neoplastic in 
origin [19-21]. A commonly held belief had been that 90% of 
all diminutive colonic polyps are hyperplastic [6, 11, 22]. 
However, the most often quoted publication stating this per- 
centage only investigated polyps under 3 mm [22]. Other 
reports, particularly more recent endoscopic studies, have 
shown on the other hand that adenomas account for about 
60% of diminutive polyps of the colon (table 1) [9, 10, 23- 
25]. The type of investigation and the actual size of the lesions 
examined probably explains this discrepancy. Adenomas ap- 
pear to be most common in the 3-5 mm range and are 
typically found in the older symptomatic patients that consti- 
tute the population of many endoscopic surveys. 

Despite the potentially premalignant nature of adenomatous 
polyps, the prevalence of invasive carcinoma in diminutive 
colonic adenomas is negligible. Among the 2344 adenomas 
in the five publications compiled in table 1, only two invasive 
malignancies (0.09%) were found [23, 24]. Furthermore, sev- 
eral other reports have verified the rarity of invasive carcinoma 
in these minute neoplastic growths [11, 26-30]. Although the 
incidence of carcinoma in situ in small adenomas is several 
times higher than invasive malignancy, its natural history and 
prognostic significance remain unclear. Indeed, pathologists 
usually consider the adenoma with carcinoma in situ to be a 
benign neoplasm with severe epithelial dysplasia and no 
metastatic potential [15, 17, 31]. Since about half of diminu- 
tive polyps of the colon are not adenomas, the chance of 
malignancy in a colonic polyp under 5 mm is about 0.05%. 


Radiographic Detection of Diminutive Colon Polyps 


Compared to detection of colonic polyps larger than 5 mm, 
detection of diminutive polyps by the double-contrast barium 
enema has not proven as effective. Radiographic sensitivities 
reported for detection of diminutive polyps have ranged from 
26% to 93%, with an average of 61% (table 2) [9, 11, 12, 
26-30]. Rex et al. [12] further showed that detection of 
diminutive colon polyps by the double-contrast barium enema 
depended on polyp size. Their radiographic sensitivity for 2- 
3 mm polyps was only 22% compared to 56% for 4-5 mm 
polyps. 

The number of false-positive errors associated with the 
radiographic diagnosis of minute filling defects in the colon is 


AJR:146, April 1986 


TABLE 2: Radiographic Detection of Diminutive Polyps of the 
Colon by the Double-Contrast Barium Enema 





i No. of Sa of 

eterence (0) S 
Casos Besdaind (%) 
E EEE EE ares 81 21 (26) 
(cee 52 23 (44) 
[26]. 48 22 (46) 
[27] 57 38 (67) 
M eireta 62 45 (73) 
[28] 00 147 110 (75) 
(29) 18 16 (89) 
Eee 28 26 (93) 
Total... 493 301 (61) 





not well established. Reported false-positive rates for the 
double-contrast barium enema in the diagnosis of colonic 
polyps in general have ranged from 4.5% to 13%, with a 
mean of 8% [26, 32-35}. However, Maruyama [34] found 
that 18 (78%) of 23 false-positive errors were for lesions 
under 5 mm, suggesting that the false-positive rate in the 
diagnosis of polyps in this size range is several times higher. 

An important consideration that has not been adequately 
addressed regarding measurement of small colonic polyps is 
that of radiographic magnification. Rose et al. [36] showed in 
a Study of 57 pathologically examined colonic polyps that 
radiographic size exceeded actual size by a factor of 10%- 
100%. In nearly two-thirds of the polyps, radiographic meas- 
urements were 20%-70% greater than pathologic polyp size. 
Their examinations were performed with conventional fluoro- 
scopic equipment, which is associated with:considerable mag- 
nification because of its radiographic geometry. 

In another study, Ott et al. [37] determined that radi- 
ographic magnification of colon polyps is likely to average 
20%-25% on a remote control machine and 30%-45% on a 
conventional fluoroscope. Since conventional machinery is 
most commonly used in the United States for gastrointestinal 
fluoroscopy, substantial inaccuracy is to be expected when 
measuring colonic polyps on spot films obtamed during barium 
enema. These studies imply that a colonic polyp measuring 5 
mm radiographically will be 3-4 mm or less in actual size. 
Therefore, the effect of radiographic magnification should be 
considered when making recommendations concerning the 
Clinical implications of colonic polyps detected during radio- 
logic evaluation. 


Colonoscopy and Diminutive Polyps 


Colonoscopy has permitted the accurate detection of di- 
minutive colonic polyps and their easy obliteration from any 
location in the colon. Current endoscopic recommendations 
Suggest the removal or destruction of minute polyps of the 
colon if encountered incidentally at the time of colonoscopy 
(24, 38-41]. Polyps smaller than 5 mm can be readily removed 
by a hot biopsy forceps, which will destroy the lesion but still 
allow tissue to be obtained for histologic analysis. 

On the other hand, the radiographic demonstration of a 
potential diminutive polyp is not considered by itself an indi- 
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cation for colonoscopy [24, 38, 40]. One important factor in 
this regard is that the mcrtality rate of colonoscopy approxi- 
mates the low prevalence of malignancy in polyps smaller 
than 5mm [42]. Our colonoscopists follow this practice and 
do notroutinely perform endoscopy on patients having small 
defects diagnosed on barium enema. Their reasoning is that 
the negligible risk of maignancy in a minute colonic polyp 
does not generally justify 2ndoscopy, and that a considerable 
numbe of unnecessary colonoscopies would be done be- 
cause of false-positive radiographic diagnoses. 


Selection of Practical Goals 


Colonic polyps are common and occur in about one-third 
of adults, as shown by recent autopsy series (table 3) [43- 
49]. Even higher prevalences are found in individuals of 
advanced age. In several of these series, 43%-69% of the 
adenomas were smaller than 5 mm [43, 46, 47]. Hyperplastic 
polyps. most of which are smaller than 5 mm [20], are also 
prevalent and have been reported in up to 76% of adults [49- 
51]. Thus, the ambition to detect and obliterate all diminutive 
polyps of the colon may be impractical and the cost prohibitive 
ERJ? 

As an example, in 10,000 patients with diminutive adeno- 
mas and hyperplastic polyps of the colon, only five invasive 
carcincmas would likely be present. With an average sensitiv- 
ity of 50% for diminutiva polyps, double-contrast barium 
enema would fail to detect the polyps in 4000 patients, and 
would probably miss two diminutive malignancies, the three 
remaining carcinomas being present in the detected group of 
6000 patients. However, essuming a 15% radiographic false- 
positive rate for diminutive polyps, about 7000 patients would 
need endoscopy to remove these three malignancies. At a 
charge of $500 per colonoscopy and polypectomy [52], the 
total cest of removing these three carcinomas would be 
$3,500 000, and three endoscopic deaths would likely occur, 
assuming a mortality of 0.95% for colonoscopy [42]. 

The need of detection and appropriate management of 
patients with diminutive polyps of the colon remains contro- 
versial [5, 24, 38-41]. Removal or destruction of these minute 
lesions, when discovered incidentally at endoscopy, is usually 
recommended. However, the role of radiographic detection 
of dimimutive colonic polyps is less well defined. The major 
purpose of discovering minute polyps by barium enema is 
supposedly to identify actual or potential malignancies of the 
colon. Because of the extreme rarity of invasive carcinoma in 
diminutwe polyps and the comparative risks and expense of 
colonoscopy, radiographic detection of these minute malig- 
nancies.is probably impractical. The importance of detecting 
diminutwe adenomas by barium enema is more difficult to 
resolve, and largely depends on the age of the patients 
examined and the attitud2s of the physicians involved. In 
elderly patients, diminutive adenomas do not appear to be 
life-threatening and therefcre may not warrant routine detec- 
tion. 

On the basis of this review and our practice, we offer the 
following concerning the rediographic evaluation of the colon 
for suspected polyps: (1) The radiographic method used 
should be capable of accurately detecting polyps 5 mm or 
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TABLE 3: Prevalence of Colonic Adenomas in 3965 Autopsy 
Cases 


Reference ae iat gas 
te 1000 9.5 
CY oe 1000 33.0 
T e ee ee 365 33.2 
[46] o acawas 446 38.8 
Ea 518 46.9 
Co E 434 51.8 
[49] 202 61.9 

Total ........ 3965 33:17 





* Weighted prevalence 


larger, with the double-contrast barium enema recommended 
as best fulfilling this goal; and (2) polyps under 5 mm are no 
greater than 3-4 mm in actual size because of magn fication 
and are invariably benign. In older patients, these lesions can 
probably be safely ignored. In younger patients, the manage- 
ment of a potential diminutive polyp diagnosed radicgraphi- 
cally remains unresolved and is usually left to the discretion 
of the clinician or endoscopist. Since our colonoscopists 
generally do not perform endoscopy on such patients, we 
rarely report these lesions radiographically, unless the patient 
is young and the diagnosis certain. Under those latter circum- 
stances, a double-contrast barium enema can be repeated 
after several years. 
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New Associate Editors Join Journal Staff 


| am pleased to announce that Saskia von Waldenburg 
Hilton and Alan J. Davidson will become the new associate 
editors of the Journal to replace John D. Harley, Charles A. 
Rohrmann, Jr., and Rozalind H. Troupin, editors who have 
served so brilliantly with Melvin M. Figley in the Seattle office. 

Dr. Hilton received a Bachelor of Arts degree from the 
Hobart and William Smith Colleges in Geneva, New York, and 
a Doctor of Medicine degree from the University of Nebraska 
in Omana. She served as a resident in radiology and as a 
fellow in pediatric radiology at the University of Colorado 
Mecica! Center. 

After service in the United States Navy during which she 





Fig. 1.—Saskia von Waldenburg Hilton 


was chief of pediatric radiology at the Naval Regional Medical 
Center in San Diego, Dr. Hilton joined the faculty of the 
department of radiology at the University of California, San 
Diego, School of Medicine. She is now an associate clinical 
professor of radiology and pediatrics at that institution. 

Along with David K. Edwards and her husband, John W. 
Hilton, Dr. Hilton is the editor of Practical Pediatric Radiology, 
a popular textbook published in 1984. Dr. Hilton recently 
returned from China where she was invited by the Chinese 
government to teach pediatric radiology at Beijing and 
Hangcouh. 





Fig. 2.—Alan J. Davidson 
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Alan J. Davidson received his education in California, where 
he earned his undergraduate degree from the University of 
California at Berkeley, and his medical degree from the Uni- 
versity of California at San Francisco. After serving a radiology 
residency at Stanford University, he was a member of the 
radiology faculty at Yale for three years. Dr. Davidson returned 
to California and the Bay Area to become the chief of the 
department of radiology at Mt. Zion Hospital in San Francisco 
and clinical professor of radiology at the University of Califor- 
nia at San Francisco, positions he held for 16 years. 

This year Dr. Davidson was appointed a senior scientist at 
the American Registry of Pathology, the Armed Forces Insti- 
tute of Pathology in Washington, D.C. and a professor in the 
department of radiology at the Uniformed Services University 
of the Health Sciences. In July, 1986 he will become the 
second distinguished scientist at the Armed Forces Institute 
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of Pathology, an appointment sponsored by the American 
Roentgen Ray Society, the Radiologic Society of North Amer- 
ica, the American College of Radiology and the Association 
of University Radiologists. 

Dr. Davidson, a founding member and former president of 
the Society of Uroradiology and a well known authority in the 
field, is the editor of Radiology of the Kidney, published in 
1985 and already a classic in the field. 

The wisdom and vitality that Drs. Hilton and Davidson bring 
to the new editorial office in San Diego will serve to ensure 
that the Journal's tradition of excellence, nurtured by Dr. 
Figley and his associates in the Seattle office, will be sustained 
in the future. 


Robert N. Berk 
Editor-in-chief 


Guice Wire Exchange Problems 


| would like to comment on the article by Chuang et al. [1] in the 
November issue of AJA. In that article, the authors describe the 
preloadince of a coaxial plastic sheath over the stiffening cannula of 
the Cope xchange system [2] for the purpose of converting from a 
small to a large guide wire when performing percutaneous drainage 
procedures. They perform this maneuver when the large guide wire 
of the Cope system fails to exit the side port of the Cope exchange 
dilator. | must take exception with the use of a system fashioned in 
this manner. 

In the spring of 1983, | had the opportunity to tour the Cook 
Company factory in Bloomington, IN. During that tour, | discussed a 
system virtually identical to the one described by Chuang et al. with 
one of thesCook product manacers. The manager specifically advised 
me again= using such a system. He stated that the leading edge of 
a system ashioned in the manner described by Chuang et al. would 
be the tip əf the metal cannula. This metal tip could severely kink the 
wire, er even shear it, particularly at the weld between the rigid and 
floppy porions. He stated that -he advantage of the Cope system as 
Originally a@esigned was that the leading edge of the exchange dilator 
was piastic, and, therefore, coud not damage the wire as mentioned. 

Having ad similar guide wire exchange problems with the Cope 
system, wath the help of that seme product manager, we designed a 
Straight, Caxial, plastic exchange system that | first described in 
1984 |3, &. We have used this system routinely for over 2 years in 
a large number and wide varietw of cases with great safety and great 
success. The system described by Gould [5] in 1985 is very similar 
in concep! and design to our system, except that our system will 
accommoeate a 0.038 inch (0.97 mm) guide wire. The statement of 
Chuang etal. that their techniq-e may be safer because of its smaller 
size is negated because of the risks introduced by the metal cannula 
and because, ultimately, a catheter larger than the 5-6.5 French 
exchange dilators used with the Gould and/or “Braun” systems will 
need to be placed in most drairage procedures anyway. 

| would »ecommend that alte-native methods to the Chuang tech- 
nique be used when going from a small to a large guide wire. 

Simon D. Braun 
Duke University Medical Center 
Durham, NC 27710 
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2. Cope C. Conversion from small (0.018 inch) to large (0.038 inch) 
guide wires in percutaneous drainage procedures AJR 
1982:138:170-171 

3. Braun SD, Moore AV, Miller GA, Ford KK, Dunnick NR. A 
technique for conversion from small (0.46 mm) to large (0.97 
mm) guide wires for drainage procedures. Urol Radiol 1984; 
6:227-228 

4. Braun SD. Letter to the editor. Urol Radio! 1985;7:61 

5. Gould DA. Coaxial introduction of a 0.035-inch (0.9-mm) guide 
wire after 22-gauge needle placement. AJR 1985;144:134 


Reply 


The coaxial insertion of a 19 gauge steel cannula and 18 gauge 
sheath over the 0.046 mm guide wire has not resulted m any 
complication in our institution in approximately 30 cases over a 2- 
year period. We have been able to safely use this modification in very 
short and narrow bile ducts that initially accommodated orly the 
floppy tip of the 0.046 mm wire without kinking or fracturing the wire. 
We attribute not having this problem to the four factors: (1) the 21 
gauge needle tract is relatively straight; (2) the metal stiffening cannula 
is highly visible during fluoroscopy and is advanced along a sraight 
path only up to the entrance to the duct; (3) the cannula’s acvance 
is carefully monitored fluoroscopically; and (4) the tract is Usually 
predilated with the combination of the stiffening cannula and tne 6.3 
French tapered sheath. Furthermore, larger needles (14-18 gauge) 
with cutting edges are routinely used for liver biopsy with a low 
complication rate. In light of this and our having had no complicetions, 
we believe that the kinked wire argument is not valid unless the 
system is used with poor technique, attempting to advance the 
stiffening cannula around a curve. We agree that obviously a catheter 
larger than the 5-6.5 French size will eventually be inserted ir most 
procedures; however, upon attempting to insert a catheter into the 
duct (not the tract) for the first time, we still prefer the smallest size 
catheter possible. 

The use of a coaxial system to exchange from small to large wires 
and catheters is not new. As early as 12 years ago, a 21 gauge, 40 
cm needle combined with a 19 gauge, 20 cm needle and an 18 gauge 
sheath had been used for portal vein catheterization. Due % the 
recent rise in the number of interventional procedures perfcrmed, 
many other systems, all modifications of this unnamed system. have 
become available commercially [1-7]. Of these, the Cope system is 
probably the most widely used. It was not our intention to promote 
our modification as the best system, but simply to present an alter- 
native course of action to solve a problem that we and others have 
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encountered. Because a controlled clinical comparison of these sys- 
tems is impossible, it is importart for each individual to evaluate them 
and use the system with which he is most comfortable. Dr. Braun 
and Cook product managers notwithstanding, there are many ways 
to skin a cat or stick a duct. 


Vincent P. Chuang 
Jonathan P. Alspaugh 
Louis G. Martin 

William J. Casarella 
Emory University Hospital 
Atlanta, GA 30322 


REFERENCES 


1. Cope C. Conversion from small (0.018 inch) to large (0.038 inch) 
guide wires in percutaneous drainage procedures. AJR 
1982;138:170-171 

2. Gould DA. Coaxial introduction of a 0.035-inch (0.9-mm) guide 
wire after 22-gauge needle placement. AJR 1985;144:134 

3. Schwarz W. A new coaxial introducer system for percutaneous 
drainage. AJR 1985;144:1277-1278 

4. Braun SM, Moore AV Jr, Miller GA, Ford K, Dunnick NR. A 
technique for conversion from small (0.46-mm) tc large (0.97- 
mm) guidewires for drainage procedures. Urol Radiol 
1984:6: 227-228 

5. Andrews RC, Hawkin IF Jr, Vogel SG. Hawkins needle-guide 
system for percutaneous catheterization. AJR 1984;142:1191 

6. Hawkins IF Jr, Hawkins MC. New coaxial exchange guidewire 
with a variable-length tip. Padiology 1983;148:303 

7. Chuang VP, Alspaugh JP, Harris SA Jr, et al. A modified appli- 
caton of the Cope introduction set. AJR 1985;145: 1073-1074 


Percutaneous Nephrostomy: Perpetuation of a 
Myth 


The article by Kerlan et al. [1] in the October 1985 issue of AJR 
contains a statement to the effect that “to ensure a transparenchymal 
route, an entry site is selectec in the posterior axillary line.” State- 
ments similar to this have appeared in the literature of interventional 
procedures almost since the Seginning of interest in this field. A 
glance at any CT scan (fig. 1) shows the fallacy of such a statement. 
As anyone can see, it is impossible to enter the collecting system by 
the percutaneous route without traversing a great deal of parenchyma 
if, as usual, the puncture is made lateral to the bulky sacrospinalis. 
The only exceptions might be the massive pelviectasis of a congenital 
ureteropelvic junction obstruction or if there is virtually no parenchyma 
left in massive hydronephrosis. Certainly in attempting stone extrac- 
tion, this will rarely if ever be a problem. 

So firmly entrenched is this fable, that if a proponent of this notion 
is challenged with the evidence of a CT scan, he is unable to accept 
the evidence of his own eyes. There is no need to approach the 
collecting system from a lateral position to assure support. In addition 
it has been pointed out in several articles that the colon occasionally 
lies in a retrorenal position [2]. This makes an approach from the 
posterior axillary line somewhat hazardous. 

Finally, | would like to compliment the authors on a useful article 
and to apologize for picking on them. | admit that | have wanted to 
write this letter for a long time, and they provided me with the 
opportunity. 


Milton Kunin 
UCLA School of Medicine 
Torrance, CA 90509 
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Fig. 1.—CT scan illustrates why it is impossible to enter the collecting 
system by the percutaneous route without traversing a great deal of paren- 
chyma if the puncture is lateral to the bulky sacrospinalis. 
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Reply 


We certainly agree with Dr. Kunin that a percutaneous nephros- 
tomy that enters through a minor calix must traverse the renal 
parenchyma. A transparenchymal and a posterior axillary line punc- 
ture are both desirable but not necessarily related, as a transparen- 
chymal entry can be made from many other positions. However, we 
have found the percutaneous nephrostorry tract that is established 
from the posterior axillary line to be optinal for rigid nephroscopy 
and comfortable for the patient. Moreover the radiation exposure to 
the radiologist’s hands is often less compared with a more posterior 
approach. 

The position of the colon is always of some concern, but fortunately 
we have not encountered colonic perforation as a complication of 
this procedure. Nevertheless, as Dr. Kunin points out, it is possible 
to locate accurately the colonic position with CT. Perhaps it would 
be prudent to perform CT routinely with skin markers before nephros- 
tolithotomy to avoid inadvertent colonic puncture. 

Robert K. Kerlan, Jr. 

Robert K. Khan 

Jeanne M. Laberge 

Anton C. Pogany 

Ernest J. Ring 

University of Ca'ifornia School of Medicine 
San Francisco, CA 94143 


Spontaneous Regression of Herniated Nucleus 
Pulposus 


Drs. Teplick and Haskin reported in the August issue of the AJR 
that spontaneous regression of herniated nucleus pulposus has been 
documented by CT [1]. We can report similar experiences after no 
specific treatment and rescanning at 1-12 months. 

One patient had total and another patient almost total regression 
of a disk herniation; both remain symptom-free after 3 months. One 
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patient had marked regression of a disk herniation and became 
symptom-free in six months, only to become symptomatic 3 months 
later. Disk resection was performed. Three patients had a slight 
reduction in the size of a disk herniation within 4-14 months; two 
patients became symptom-free, and one patient had slight improve- 
ment but original symptoms returned. Four patients had no change 
in the size of the disk herniation but improved symptomatically, three 
appreciably and one only slightly. 

None cf our patients had manipulation. They had only bed rest and 
were instructed in proper back care. It appears from this that her- 
niated disks may spontaneously regress, partially or completely, and 
that symptoms do not correspond directly to the extent of herniation. 

Stanley P. K. Tchang 

W. H. Kirkaldy-Willis 
University of Saskatchewan 
Saskatoon, Saskatchewan 
Canada S7N OXO 
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Fleischner Society Glossary: Semantic 
Controversies 


The ecttorial critique of the Fleischner Society glossary, written by 
its propoments [1], seems to discourage further correspondence, and 
we now confine ourselves to but three of our original 16 comments. 

1. Silhouette sign. The Society states “to recommend the alter- 
native ‘desilhouette’ ... would be to admit into the glossary a word 
that by their (our) own admission is not only cumbersome but posi- 
tively uneuphonious (sic).” We object to “positively uneuphonious 
(sic).” “Sie” means that the quote is exact [2, 3], but “positively” 
reflects the Society's opinion, not ours. Moreover, we did not suggest, 
as the editorial seems to imply, that the sign should be renamed the 
“desilnouette sign,” but that “desilhouette” be used as the antonym 
of silhouette. “In the clash between reason and human nature,” we 
believe it is not necessary to surrender, for we have found that 
“desilhouette” is acceptable; residents say it makes sense. If “every- 
one knows what the word (silhouette) means” why do some authors 
[4] write, referees accept, and editors publish statements like “blood 
in the perirenal space silhouettes the kidney”; and what is the purpose 
of the glossary? 

2. Density. In the Society's revised definition, the statement “den- 
sity = logo X intensity” etc., recurs; surely it should have been 
corrected! Despite the unexplained strong objections of the Society 
we contend that a “density” and “an opacity” are synonymous in 
Clinical ra@iology. 

3. Opacity. Despite the addition of “relative,” the new definition 
remains cbscure. We again suggest that the Society consider its 
potential rmadership. 

Since the Fleischner Society has commendably assumed a difficult 
leadership role in producing a glossary of thoracic radiologic terms, 
it has an ebligation to be precise, logical, and scientific. 

Finally, we would like your readers to know that a copy of our 16 
comments can be obtained from the first author. 
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Harris Jackson 

Johr Harris 

University of Texas Medical School 
Houston, TX 77030 
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Reply 


We thank Drs. Jackson and Harris for their continuing interest in 
the Fleischner Society glossary and for helping the Societe in its 
attempt to reduce imprecision in radiologic nomenclature. 

Our correspondents are absolutely correct in drawing attertion to 
our mathematical inaccuracy in the definition of density. Optical 
density is a quantitative expression of the degree of film blacxening 
and is equal to the common logarithm of the ratio of incicent to 
transmitted light intensity. We regret our error and will put it ‘ight in 
subsequent editions. 

With regard to the words density and opacity, we remain steadfast 
in our contention that these words should never be used synony- 
mously in clinical radiology. Our objections to the use of the two 
words as synonyms were clearly stated in our recently published 
critique and revisions: “The term density refers to the character of an 
absorber and has an exactly opposite comnotation with respect to 
film blackening. Because of this potential confusion, the term should 
never be used to mean an opacity.” Preservation of the distnction 
also has practical importance: Since there are only two possible 
alterations in a chest radiograph, an opacity and a lucency, we are 
then in a position to ascribe to either of these a specific density (e.g., 
calcific, fat, gas). 

Regarding the silhouette sign, our use of the word “sic” applied to 
our correspondents’ word “uneuphonious’; the adverb “postively” 
was indeed ours. Drs. Jackson and Harris suggest that the word 
“desilhouette” be used as an antonym of silhouette. If they wish to 
use the word in that sense, we feel confident that their readers will 
understand what they mean. However, we find their neologism cum- 
bersome. 

Finally, it most certainly is not our intention to discourage urther 
correspondence regarding the glossary, nor do we wish to imply that 
our definitions are etched in stone. Our hape from the beginming of 
this endeavor has been that both the glossary and reactiors to it 
would serve to clarify communication in thoracic imaging. 

Robert G. =raser 

John Austin 

Morris Simon 

David T-apnell 

Committee on Nomenclature, The Fleischner Society 


884 


Gastrointestinal System 


The specific diagnosis of hepatocellular carcinoma by scintigra- 
phy. Multiple radiotracer approach. Lee VW, O'Brien MJ, Morris 
PM, Devereux DF, Shapiro JH (10 Mohawk Dr., Framingham, MA 
01701). Cancer 56:25-36, July 1985 


The authors retrospectively reviewed the accuracy of scintigraphy 
in diagnosing hepatocellular carcinoma (HCC) at Boston City Hospital 
between Jan. 1, 1978, and Sept. 30, 1983. A combined protocol 
using technetium-99m sulfur colloid (TsSC), gallium (Ga), and scin- 
tiangiography (STA) was employed to enhance diagnostic specificity. 
There were 14 cases of HCC, of which 10 were proven histologically. 
The others were diagnosed clinically and angiographically. With one 
exception, all patients who had triple tracer scintigraphy showed a 
specific pattern of findings: (1) cold defects with TcSC, (2) Ga-avid 
foci, and (3) increased vascular supply from hepatic arteries. One 
false-positive study and one false-negative study were originally 
reported, although in both cases, strict adherence to the three criteria 
above would have avoided diagnostic error. These results indicate 
that triple tracer scintigraphy may be an effective diagnostic test for 
HCC. The relative efficacy of scintigraphy, sonography, and com- 
puted tomography in diagnosis of HCC was also discussed. 


Author Abstract 


Localization of small islet-cell tumors. Preoperative and intra- 
operative ultrasound, computed tomography, arteriography, dig- 
ital subtraction angiography, and pancreatic venous sampling. 
Gunther RW, Klose KJ, Rukert K, Beyer J, Kuhn FP, Klotter HJ 
(Institute for Clinical Radiology, Langenbeckstrasse 1, D-6500 Mainz, 
West Germany). Gastrointest Radiol 10:145-152, 1985 


Between 1972 and 1984, 42 islet cell tumors were examined. 
Localization problems were encountered in 31 that were less than 2 
cm in diameter. Of the 31, 27 were correctly localized using a 
combined diagnostic approach. Sonography was positive in 12 of 20, 
computed tomography (CT) in nine of 21, angiography in 20 of 31, 
digital subtraction angiography in one of two, and pancreatic venous 
sampling in 13 of 16. Intraoperative sonography showed all nine 
insulinomas examined; the smallest tumor found by sonography and 
CT was 7 mm in diameter. The authors conclude that the most useful 
techniques for localizing small islet cell tumors are sonography, CT, 
and angiography. They found CT particularly useful for tumor staging. 
They predict that improvement of noninvasive diagnostic techniques 
will obviate the need for transhepatic venous sampling. 


Charles A. Rohrmann, Jr. 
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Muscles and Skeleton 


Current concepts review: rotator cuff disease of the shoulder. 
Cofield RH (Mayo Clinic; reprints are available). J Bone Joint Surg 
[Am] 67:974-979, July 1985 


The author reviewed the current knowledge relative to impinge- 
ment syndrome, rotator cuff tear, and cuff tear arthropathy. The 
relative risks and benefits of nonsurgical and surgical treatment are 
discussed. Radiologists who perform diagnostic studies on patients 
with shoulder disease may find this review article of interest. 


R. F. Kilcoyne 


The meaning of radiolucencies in parosteal osteosarcoma. Ber- 
toni F, Present D, Hudson T, Enneking WF (J.H.M. Health Center, 
University of Florida, Gainesville, FL 32610). J Bone Joint Surg [Am] 
67:901-910, July 1985 


Thirty-six patients with parosteal osteosarcoma were studied with 
high quality radiography. Of the lesions, 18 had lucent areas within 
the tumor and formed the basis for the study. The lesions were 
Classified as being deep (near the interface of the lesion and the 
cortical bone) or peripheral (near the periphery of the tumor and away 
from its base). There were also extralesional lucent areas appearing 
as distinct radiolucent separations between lobules of the lesions. 
Most (67%) of the deep areas of radiolucency represented dediffer- 
entiation of the tumor into a higher grade malignancy. The peripheral 
radiolucencies were mostly low grade malignant cartilaginous or 
fibrous tissue. Therefore, high quality plain radiographs or computed 
tomograms are essential in delineating deep radiolucent areas that 
represent a more malignant tumor than the usualparosteal osteosar- 
coma. 


R. F. Kilcoyne 


Magnetic resonance imaging in orthopaedic surgery: a glimpse 
into the future. Reis ND, Lanir A, Benmair J, Hadar H (Dept. of 
Orthopaedics and Traumatology B, Rambam Medical Centre, Haifa, 
Israel). J Bone Joint Surg [Br] 67:659-664, June 1985 


This article describes magnetic resonance (MR) images of or- 
thopedic pathology and typical normal appearances. Ten healthy 
volunteers and 70 patients were studied with a 0.5 T superconducting 
magnet system. The best results for most orthopedic problems were 
obtained by applying spin-echo sequences with TE of 28 or 56 msec 
and TR of 450-2000 msec. Because dense cortical bone is of low 
intensity, the MR image is inferior to CT and plain radiographs in 
giving precise information on the normal and pathologic anatomy of 
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bone. However, the anatomic imaging of soft tissues is superior, 
owing te the clear contrast Detween the various soft-tissue struc- 
tures. Thus the extent of the soft-tissue lesion is very clearly defined. 
Early changes can be detected in the bone marrow. The spinal cord 
is imaged very well. The nucleus pulposus can be delineated from 
the anulus more precisely then with any other method. In the future, 
MR may replace invasive Ciagnostic methods for revealing disk 
herniation and for studying blood flow. 


R. F. Kilcoyne 


Imaging techniques in the diagnosis of tarsal coalitions. Jones 
BW, Barranco FT, Fishman Ek, Scott WW Jr. (Johns Hopkins Medical 
Institutions, Baltimore, MD 21205). Adv Orthop Surg 4:264-269, Jan/ 
Feb 1985 


The authors discuss the value of computed tomography (CT) in 
the diagnosis of fusion between the anterior process of the calcaneus 
and the navicular (calcaneonavicular bar) and fusion between the 
talus and calcaneus (talocalcaneal bridge). The authors also review 
the historical background regerding the association between rigid flat 
foot and tarsal coalition, before discussing the anatomy of the hind 
foot and signs of tarsal coalition. The plain radiographic findings of 
coalition are related to abnormal mechanical forces at the talona- 
vicular joint. The talar beak is an osseous protuberance arising from 
the distal anterior superior surface of the talus. The lateral process 
of the taus may also become broadened and degenerative changes 
follow. Bone scanning has been advocated by other authors but is 
nonspecific. Calcaneonavicular bar can be demonstrated by a stand- 
ard recumbent 45° oblique plain film taken in a lateral medial direction. 
After plain films, the authors -ecommend CT examinations for sus- 
pected cealitions. Four millimeter images were reconstructed using a 
high-resolution package. Optimal positioning for subtalar joint evalu- 
ation is aDtained by having the soles of the feet flat on the scanning 
table for direct coronal imaging of the subtalar joint. Plantar imaging 
(heel on the table) for the talonavicular and calcaneocuboid joints is 
useful asewell. 


R. F. Kilcoyne 


Outpatient lumbar myelography: analysis of complications after 
myelography comparing outpatients with inpatients. Postacchini F 
and Massobrio M. (Il Orthopaedic Clinic of the University of La 
Spienza, Rome, Italy). Spine, €:567-570, July-Aug 1985 


Over a 2-year period, 92 patients underwent outpatient lumbar 
myelography using lopamidol, a new nonionic water-soluble contrast 
medium. The incidence and severity of adverse reactions associated 
with myelography in these cases were compared with 116 lopamidol 
myelography inpatient procedures. lopamidol was used as a concen- 
tration of 300 mg/ml. The inpatients received 10 ml and the outpa- 
tients 8-70 ml of contrast medium. The contrast medium was not 
allowed te flow into the thoracic region during the examination. The 
hospitalized patients were confined to bed for at least 24 hr with their 
heads raised 15°. All outpatients were ambulatory within 15 min of 
the end of the procedure, were sent home, and advised to stay in 
bed with three or four pillows under their heads for the first 6-9 hr 
and then two pillows for the next 12 hr. All patients from both groups 
were interviewed and examined 2-5 days after myelography. The 
compiication rate was 37% in the hospitalized patients and 40% in 
the outpatients. Adverse reactions, mostly in the form of headache, 
were very mild in about two-thirds of cases in each group and 
moderate or severe in 15% of the inpatients and 24% of the outpa- 
tients with complications. The outpatient regimen considerably re- 
duces the cost of myelography and indirectly increases the availability 
of beds insorthopedic and neurologic units. 


R. F. Kilcayne 
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Angiography 


Percutaneous management of iatrogenic arterial venous fistulas 
by coil spring occlusion. Keller FS, Rösch J (University cf South 
Alabama, Birmingham, AL 35233). Eur J Radiol 5:202-205, 1985 


Six patients with acquired arterial venous fistula (AVF) were suc- 
cessfully treated by transcatheter occlusion with coil springs. In three 
patients the AVF was secondary to surgery: splenectorry, right 
nephrectomy, and right colectomy; in two the AVF complicated the 
percutaneous insertion of central venous pressure lines; and, in the 
last case a hepatic artery-to-portal vein fistula was secondary to a 
transhepatic obliteration of gastroesophageal varices. Gianturco coil 
springs succeeded in closing all fistulae, except in one case Nn which 
a Custom made coil spring was required to occlude the AVF. 


A. F. Govoni 


Nervous System 


Diagnosis of brain abscesses with indium-111-labeled leuko- 
cytes. Rehncrona S, Brismar J, Holtas S (University Hospital S-221 
85 Lund, Sweden). Neurosurgery 16:23-26, Jan 1985 


The aim of this study was to separate brain abscesses from brain 
neoplasms. Sixteen patients with intracerebral mass lesions and in 
whom CT was not fully conclusive with respect to the diferential 
diagnosis between brain tumor and abscess, were examined with 
leukocyte brain scintigraphy (LBS). Autologous leukocytes were la- 
beled with indium-111 oxinate and were reinjected intravenously and 
the examination was performed after 24 and 48 hr. In 1C of 11 
patients with the final diagnosis of a brain tumor, no accumulation of 
radiolabeled leukocytes could be detected in the brain. In fou’ of five 
patients with final diagnosis of brain abscess, scintigraphy showed a 
pronounced increase of focal activity corresponding to the lesion 
demonstrated with CT. In three patients, the final diagnosis of intra- 
cerebral abscess was established by clinical recovery upon long term 
treatment with broad spectrum antibiotics as well as by gradual 
disappearance of the lesion at repeat CT examinations during a 
follow-up period of at least 6 months. LBS demonstrated a massive 
focal increase in activity in two of these patients, whereas no increase 
in activity could be detected in one case. The false-negative result 
occurred in a patient with a history of a spontaneous intracerebral 
hematoma with rupture into lateral ventricle. The overall accuracy of 
LBS in separating brain abscesses from neoplasm was 14 ott of 16 
(88%). 


K. Jack Momose 


Evaluation of cerebrospinal fluid rhinorrhea by metrizamide com- 
puted tomographic cisternography. Ahmadi J, Weiss MH, Segall 
HD, Schultz DH, Zee CS, Giannotta SL (Los Angeles County-USC 
Medical Center, Los Angeles, CA 90033-1084). Neurosurgery ~ 6:54- 
59, Jan 1985 


The authors present seven patients with persistent or intermittent 
cerebrospinal fluid (CSF) rhinorrhea who were studied by metrizamide 
CT cisternography. The CSF rhinorrhea was spontaneous (three 
patients) or related to previous head trauma or surgical proc2dures 
(four patients). Some 6-7 ml of metrizamide, in a concentration of 
190-220 mg/ml, was injected into the lumbar subarachnoid space. 
The anatomic site and the extent of the fistula were demonstrated 
precisely by directly showing metrizamide passing through the bony 
defect. A combination of bone dehiscence and metrizamide within 
the adjacent paranasal sinuses or the nasal cavity is also useful in 
localization. Distortion of the interhemispheric fissure, Sylvian fssure, 
or basal sulci indicates the probability of brain herniation through the 
defect. Simple bone discontinuity identified by CT scan or conven- 
tional tomography may not be the site of CSF leakage if the overlying 
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dura mater is intact. The anatomic site and extent of fistula were 
precisely demonstrated by metrizamide CT cisternography and con- 
firmed by surgery in all seven cases. Because the morbidity of CT 
cisternography is low, the examination may be repeated if necessary. 


K. Jack Momose 


Computed tomography in chronic seizure disorder caused by 
glioma. Rich KM, Goldring S, Gado M (Washington University School 
of Medicine, Barnes Hospital Plaza, St Louis, MO 63110). Arch Neurol 
42:26-27, Jan 1985 


Since the introduction of CT scanning, the authors have carried 
out surgical excision of an epileptogenic focus in 137 patients. Of 
these, 32 had an abnormal scan showing an isolated lesion, however, 
the history did not offer an explanation (e.g., trauma or abscess). The 
CT scans demonstrated an isolated calcified or isodense lesion of 
unknown origin. The mean interval from onset of the seizure disorder 
to surgery was 11 years. The referring physicians frequently consid- 
ered these lesions to be of nonneoplastic origin, which usually delayed 
surgical management. Twenty-six of the 32 patients, however, proved 
to have a cerebral glioma, seven showing anaplastic changes. Be- 
cause most of these patients were found to have a neoplasm, and 
especially because the CT scan could not distinguish between a well 
differentiated glioma and those with anaplastic changes, the authors 
recommend early surgical treatment in patients with chronic seizure 
disorders who are found to have an isolated lesion of unknown origin 
on CT scan. 


K. Jack Momose 


Metastatic disease to the cavernous sinus: clinical syndrome and 
CT diagnosis. Post MJD, Mendez DR, Kline LB, Acker JD, Glaser 
JS (University of Miami School of Medicine, Miami, FL 33101). J 
Comput Assist Tomogr 9:115-120, Jan/Feb 1985 


Seventeen cases with metastasis to the cavernous sinus were 
analyzed. The diagnosis was established by CT in 16 of 17 patients. 
Only one patient had a negative study. In 16 patients an enhancing 
soft-tissue mass was shown on CT on the symptomatic side of the 
cavernous sinus. These cavernous sinus masses were difficult to 
delineate on noncontrast scans because they were either isodense 
or slightly hyperdense. In five patients the soft-tissue mass was 
confined to the cavernous sinus, whereas in the other cases varying 
degrees of extension were evident into the orbital apex, posterior 
fossa, sella, or sphenoid sinus. Secondary bony erosion was present 
in eight cases with the anterior and posterior clinoids, body of the 
sphenoid, superior orbital fissure, and petrous apex most frequently 
affected. Additional CT findings included proptosis in three patients, 
sphenoid sinus opacification in 11, and ethmoid sinus opacification in 
four. Bilateral cavernous sinus involvement was demonstrated on CT 
in only one individual. Ophthalmoplegia, complete or incomplete, 
usually with pain and commonly associated with sensory deficits in 
the first or second division of the trigeminal nerve, alerts the clinician 
to the presence of a pathologic process in the cavernous sinus. 


K. Jack Momose 


MR imaging of pediatric cerebral abnormalities. Han JS, Benson 
JE, Kaufman B, Rekate HL, Alfridi RJ, Huss RG, Sacco D, Yoon YS, 
Morrison SC (University Hospitals of Cleveland, Cleveland, OH 
44106). J Comput Assist Tomogr 9:103-114, Jan/Feb 1985 


This paper reviews 116 magnetic resonance (MR) imaging studies 
from 105 pediatric patients with various cerebral abnormalities. 
Twenty-eight of the patients were under the age of 2 years. The MR 
results were reviewed and compared with CT to gain an impression 
of the sensitivity of MR in detecting and characterizing the various 
abnormalities. The multiplane imaging capabilities of MR proved very 
useful in imaging the entire extent of the abnormalities and charac- 
terizing the relationship to adjacent normal anatomy. Compared with 
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CT, MR proved to be advantageous in detection and characterization 
of pathology in 23 of 105 patients, especially when the abnormality 
was located along the base of the brain and midline or when the 
abnormality primarily involved the white matter. Intracranial calcifica- 
tion was the one abnormality not detected with MR although dense 
calcification could be seen as areas of low signal intensity. Some 
characteristics of various pathologic entities were compared in an 
attempt to differentiate among abnormalities in the same anatomic 
location: craniopharyngioma from optic chiasm and hypothalamic 
glioma, cystic glioma from arachnoid cyst, and chronic subdural 
hematoma from subdural hygroma. The MR appearance ascribed to 
different lesions in this report must be interpreted in the context of 
the type of magnet and imaging sequence used. 


K. Jack Momose 


Atlas of dopamine receptor images (PET) of the human brain. 
Inoue Y, Wagner HN, Wong DF, Links JM, Frost JJ, Dannals RF, 
Rosenbaum AE, Takeda K, DiChiro G, Kuhar MJ (Johns Hopkins 
Hospital, Baltimore, MD 21205). J Comput Assist Tomogr 9:129- 
140, Jan/Feb 1985 


Positron emission tomography (PET) permits both imaging and 
quantitative assessment of the local tissue concentrations of injected 
radioactive tracers. It is well known that neurotransmitters, including 
dopamine, and their receptors are involved in the normally functioning 
brain and in various neuropsychiatric disorders. Neurons located in 
the substantia nigra secrete dopamine, which passes along the 
nigrostriatal pathway to synapses located in the corpus striatum, 
including the caudate nucleus and putamen. Until recently, only 
postmortem and animal data have been available to assess dopamine 
densities in the brain. Imaging of dopamine and serotonin receptors 
in the human brain in vivo has been accomplished using 3-N- 
(''C)methylspiperone (NMSP) as the tracer. This paper presents an 
atlas of PET tomographic images of dopamine and serotonin receptor 
distribution in the normal and abnormal human brain using NMSP as 
the tracer. The tracer NMSP binds to dopamine D2 receptors, which 
are in high concentrations in the caudate and putamen, and to 
serotonin receptors (about one-fifth the affinity for serotonin than for 
dopamine). The cerebellum is devoid of dopamine receptors and has 
a small number of serotonin receptors. The cortical activity in the 
early scans is determined primarily by regional cerebral blood flow 
and in later images is due to both nonspecific binding and binding to 
serotonin receptors. The cortical binding to dopamine receptors is 
one-fourth of that to serotonin receptors because of the greater 
number of serotonin cortical receptors. 


K. Jack Momose 


Pituitary enlargement mimicking pituitary tumor. Bilaniuk LT, Mos- 
hang T, Cara J, Weingarten MZ, Sutton LN, Samuel LB, Zimmerman 
RZ (Hospital of the University of Pennsylvania, Philadelphia, PA 
19104). J Neurosurg 63:39-42, July 1985 


The authors present three cases of primary hypothyroidism with 
secondary reactive enlargement of the pituitary gland. The authors 
point out that such hypertrophy is indistinguishable from primary 
pituitary lesions, as examined by computed tomography. The pre- 
senting symptoms may be due to pituitary gland enlargement, as in 
two of the three cases. Thus, the diagnosis of pituitary hyperplasia 
secondary to hypothyroidism must be based on the endocrinologic 
workup. CT can demonstrate the diminution in pituitary gland size 
after treatment of primary hypothyroidism. 


Arthur B. Dublin 


Cerebral perfusion imaging with iodine 123-labeled amines. Hol- 
man BL, Hill TC, Polak JFD, Lee RGL, Royal HD, O'Leary DH (Harvard 
Medical School, Boston, MA 02115). Arch Neurol 41:1060-1063, 
Oct 1984 
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A family of amines has recently been developed that accumulate 
in the brain proportional to cerebral blood flow. These amines are 
lipophilic. moving across the blood-brain barrier with almost complete 
extraction during a single passage through the cerebral circulation. 
Once in the brain, they are either bound to nonspecific receptors or 
are metabolized to nonlipophilic compounds. Thus, these tracers do 
not redistribute within the brain for at least 1 hr after intravenous 
injection. Because these amines can be labeled with iodine 123, 
scintigraphic imaging of cerebral perfusion is possible with either 
standard Anger cameras or specialized tomographic devices. The 
two amines that have already found their way into clinical practice 
are the ‘I-labeled monoamine N-isopropy! p-iodoamphetamine (IMP) 
and the diamine N,N,N-trimethyl-N(2-hydroxyl-3-methyl-5-iodobenzl)- 
1,3-propanediamine (HIPDM). Both tracers maintain a steady state in 
the brainover a sufficiently long time so that static imaging is possible. 
Transaxial tomography with amines is useful in acute cerebral infarc- 
tion in which the CT scan may be normal for several days after onset 
of symptoms while the uptake of radioisotope-labeled amines will be 
altered immediately after the onset of the stroke. It is also useful in 
examining patients with cerebral vascular disease and in the preop- 
erative examination of patients with partial epilepsy. 


K. Jack Momose 


Coexisting cervical and lumbar spinal stenosis: diagnosis and 
management. Epstein NE, Epstein JA, Carras R, Murthy VS, Hyman 
RA (Long Island Jewish-Hillsice Medical Center, New Hyde Park, NY 
11042). Neurosurgery 15:489—496, Oct 1984 


Spinakstenosis denoting a critical reduction of the sagittal diameter 
of the spinal canal, foramina, and lateral recesses can exist in both 
the lumbar and cervical regions. The developmental changes asso- 
ciated with stress and aging contribute to progressive encroachment 
on available space with the celayed onset of myelopathy and radi- 
culopathy. About 5% of such patients will present with symptoms at 
both levels. Twelve patients undergoing both cervical and lumbar 
decompressive procedures for spinal stenosis were studied. Because 
cervical cord compression in certain individuals can cause symptoms 
in the lumbar region, the positive effects of cervical laminectomy may 
be reflected in improvement in strength, spasticity, and other signs 
of myelopathy with amelioration of lumbar complaints. After lumbar 
decompression, improvement in gait and relief of pain placed less 
stress on the entire spinal column, resulting in a beneficial effect on 
the cervical complaints rendering them more amenable to conserva- 
tive care. The patients requiring cervical surgery first had absolute 
stenosis with a spinal canal equal to or less than 10 mm in antero- 
posterior diameter. Those requiring lumbar surgery first presented 
with stenosis and a canal 11-13 mm in depth. In the latter group, 
patients presented with radiculopathy in their upper and lower ex- 
tremities A significant number (50%) had intermittent neurogenic 
claudication. Motor and sensory changes were severe in those with 
absolute. as compared to relative stenosis. After cervical laminec- 
tomy, myelopathy improved or stabilized, and the subsequent lumbar 
decompression could be completed with less risk. 


K. Jack Momose 


CNS invelvement by non-Hodgkin’s lymphoma—response to a 
standarc therapeutic protocol. Raz |, Siegal T, Siegal T, Polliack A 
(Hadassah University Hospita, P.O. Box 12000, Jerusalem, Israel 
91120). Arch Neurol 41:1167-1171, Nov 1984 


Centrai nervous system (CNS) involvement by malignant lymphoma 
is a complication with high morbidity and mortality. Recent studies 
have suggested an increase in the incidence of both leptomeningeal 
and brain parenchymal involvement in this disease. This paper reports 
the treatment results of 31 episodes of CNS involvement by non- 
Hodgkin lymphoma in 24 patents over a 35-month period. These 
patients were in a group of 140 with non-Hodgkin lymphoma. Lep- 
tomeningeal involvement was diagnosed definitely only if malignant 
cells were present in the cerebrospinal fluid in cytocentrifuged spec- 
imens. Parenchymatous brain infiltration was diagnosed if the CT 
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scan disclosed an intracerebral mass. Epidural spinal cord compres- 
sion was diagnosed if myelography showed epidural compression of 
more than 80%. Leptomeningeal involvement occurred in 16 patients, 
intracerebral invasion in eight, and epidural compression ir seven. 
Twelve patients with leptomeningeal involvement treated wich intra- 
ventricular methotrexate sodium achieved complete cerebrospinal 
fluid remission and the neurologic conditions of 10 patients improved. 
Five of the patients with epidural compression were ambulatory after 
treatment. Complete resolution of intracerebral lymphoma was doc- 
umented by CT scan in four patients. The overall median survival 
was 9 months. 


K. Jack Momose 


Intraoperative sonography in spinal trauma. Montalvo BM, Quencer 
RM, Green RA, Eismont FJ, Brown MJ, Brost P (University o Miami/ 
Jackson Memorial Medical Center, Miami, FL 33101). Rediology 
153:125-134, Oct 1984 


Intraoperative spinal sonography (IOSS) is a new technique that is 
useful in studying a wide range of lesions secondary to spinal :rauma. 
The authors describe and review their experience with 39 cases of 
trauma evaluated by their IOSS technique. Operative spinal sonog- 
raphy can be performed through either an anterior approach, after 
partial or incomplete removal of a vertebral body or disk, or hrough 
a posterior approach following laminectomy. IOSS offers the surgeon 
crucial information during the course of surgery. Specifically in ver- 
tebral fractures, |OSS demonstrated the presence of bone in spinal 
canal and assessed the severity of malalignment. IOSS was used to 
detect and assess spinal malalignment, cord or thecal sac cempres- 
sion, foreign bodies, and the late complications of spinal rauma, 
namely posttraumatic intramedullary and subarachnoid cysts. |OSS 
was also used to evaluate the efficacy of reduction of vertebral 
fractures, guide the shunting of cysts, and to differentiate myelomal- 
acia from intramedullary cysts, thus avoiding unnecessary exporation 
of the spinal cord. It is a safe and simple procedure that can alter 
surgical management. 


K. Jack Momose 


Pediatric Radiology 


Subdural hemorrhage in utero. Gunn TR, Mok PM, Becrot DMO 
(St. Helens Hospital and National Womens Hospital, Auckland, New 
Zealand). Pediatrics 76:605-609, Oct 1985 


Three live-born infants with in utero subdural hematoma (SDH) are 
described. The children presented with macrocephaly (two), anemia 
(two), and hydrocephalus (one). The diagnosis of in utero SDH was 
suggested in one each by autopsy findings, in utero sonograpny, and 
a combination of computed tomography and surgical findinas. The 
two surviving children had developmental delays and permanent 
neurologic sequela. The etiology of the in utero SDH is unxnown. 
Two of three mothers were Pacific islanders. Pacific islanders have 
been reported to have an increased incidence of unexplained intra- 
cranial hemorrhage in stillborn infants. In the absence of obvious 
medical causes of SDH the authors raise the possibility of trauma 
unsuspectedly inflicted by local healers. 


Richard Towbin 


Percutaneous nephrostolithotomy: an alternative approact to the 
management of pediatric calculus disease. Hulbert JC, Reccy PK, 
Gonzalez R, Young AD, Cardella J, Amplatz K, Lange PH, Castaneda- 
Zuniga W (Dept. of Urologic Surgery, University of Minnesota Health 
Sciences, Minneapolis, MN 55455). Pediatrics 76:610-612, Oet 1985 


Five boys and one girl with symptomatic upper tract calculi under- 
went percutaneous nephrostolithotomy. Ages were 11-16 years. Of 
these six children, three had no history of calculus disease, two had 
urinary diversions, and one had cystinuria. The procedures were 
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performed under general anesthesia in five. The calculi were removed 
intact in three; in the other three, calculi required disintegration by 
ultrasonic lithotripsy before removal. This latter group required a 
second session for removal of residual fragments. There were no 
significant complications in this group and the average hospital stay 
was 5 days. The authors suggest that these technical advances 
should generate a reappraisal of the indications for percutaneous 
management of pediatric calculus disease. 


Richard Towbin 


Hemorrhage and cyst development in the cavum septi pellucidi 
and cavum vergae. Report of three cases. Butt W, Havill D, 
Daneman A, Pape K (A. Daneman, Hospital for Sick Children, Toronto, 
Ontario, Canada M5G 1 X8). Pediatr Radiol 15:368-371, Sept 1985 


Although cavum septi pellucidi and sometimes cavum vergae are 
regularly seen on cranial sonograms in preterm infants, hemorrhage 
into them is now reported in premature infants for the first time. The 
authors describe two babies, each of whom had intraventricular 
hemorrhage as well. Acquired cyst of the cava was seen in a third 
(37 week) infant, associated with ventricular dilatation, but not re- 
sponding, as the ventricles did, to ventriculoperitoneal shunting. The 
acquired caval lesions in these babies, however, appeared not to be 
of clinical significance. Imaging was by computed tomography and 
sonography. 

Alan E. Oestreich 


Infantile infectious sacroiliitis. Sueoka BL, Johnson JF, Enzenauer 
R, Kolina JS (Commander, Tripler Army Medical Center, Attn: HSHK- 
DR/Dr. F. Johnson, Tripler AMC, HI 96859). Pediatr Radiol 15:403- 
405, Sept 1985 


Pyogenic sacroiliitis has only recently been recognized in infants. 
Clinically, inflammatory disease of the hip may be closely mimicked. 
The authors report two infant girls, 9 and 15-months old, in whom 
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the correct diagnosis was missed with normal hip aspiration until 
radionuclide scanning showed increased uptake in the ipsilateral 
Saroiliac joint region. Gallium scanning was positive in both. In the 
younger girl, °"TcMDP was also positive, while in the other the 
sacroiliac joint was obscured by bladder activity. It is important to 
proceed rapidly to radionuclide imaging in the baby with clinical and 
laboratory findings of inflammation in the vicinity of the hip and a 
negative hip aspiration. 


Alan E. Oestreich 


Delayed hemorrhagic infarction—a cause of late neonatal ger- 
minal matrix and intraventricular hemorrhage. Ment LR, Ehren- 
kranz, Duncan CC, Lange RC (Yale University School of Medicine, 
New Haven, CT 06510). Arch Neurol 41:1036-1039, Oct 1984 


Intraventricular hemorrhage (IVH) or hemorrhage into the germinal 
matrix tissues of the developing brain is a major neurologic problem 
of preterm neonates. It has been detected in more than 40% of the 
preterm infants with birth weights of less than 1500 g. More than 
50% of those who will ultimately experience IVH are found to do so 
on the first prenatal day and almost all of the hemorrhages will have 
occurred by the end of day 4. Intraventricular hemorrhages occur 
classically in asphyxiated preterm infants with respiratory distress. 
Because of the well known association of IVH with hypoxia, hyper- 
capnia, and acidosis, all of which are known to alter cerebral blood 
flow in older children and adults, IVH has been attributed to alteration 
in cerebral blood flow. Although a single perinatal or postnatal event 
may be directly correlated with IVH in some infants, in others IVH 
may be related to a series of insults. Asphyxia, hypotension, and 
pressure-passive low cerebral blood flow may lead to an infarction. 
Subsequent events known to cause sudden rises in the cerebrospinal 
fluid may then produce a hemorrhage into the infarcted tissues. The 
authors report two cases of this proposed model for delayed hem- 
orrhage into infarcted tissue, or late IVH. 


K. Jack Momose 


Neoplastic Disorders Symposium 


On April 3 and 4 the Johns Hopkins Medical Institutions will host 
the 12th annual symposium on Diagnosis and Treatment of Neoplas- 
tic Disorders: Medical, Surgical, and Radiotherapeutic Aspects. Lo- 
cation: Baltimore. Category | credit: 16 hr. Fee: $250. Information: 
Ms. Diame Heydinger, program coordinator, Office of Continuing 
Education, Turner 22, 720 Ru-land Ave., Baltimore, MD 21205; (301) 
955-6045. 


Breast Cancer Course 


Contreversies in Diagnosis and Medical Management of Minimal 
Breast Cancer: Facts and Recommendations—1986 will be April 4 
in Knoxville. Sponsor is the Lniversity of Tennessee. Course direc- 
tors: E. Buonocore and K. R. Hubner. Category | credit: 6.5 hr. No 
fee. information: CME, D-11€, 1924 Alcoa Highway, Knoxville, TN 
37920; (615) 544-9190. 


AAMI Annual Meeting 


The 21st annual meeting o* the Association for the Advancement 
of Medical Instrumentation (AAMI) will be April 12-16 in Chicago. 
Highlights: a radiologic servic2 training program for biomedical and 
Clinical engineers and management personnel; a 2-day course, Basics 
of Electronics and Compute’s for Physicians; and two program 
sections on lasers. Fee: $245, $195 for AAMI members, $35 for 
students. Information: AAMI, 1901 N. Fort Meyer Dr., Suite 602, 
Arlington. VA 22209-1699; (703) 525-4890. 


ICRP Meeting 


The next meeting of the International Commission on Radiological 
Protection (ICRP) will be April 20-24 in Vienna. The commission is 
made up of four expert commi-tees and representatives of numerous 
international agencies. At its lest meeting, Oct. 27—Nov. 7, 1985, the 
ICRP adapted and approved the 1986 publication of a report, “Data 
for Use in Protection against External Radiation.” Another report, 
prepared by a joint task force from the ICRP and the International 
Commission on Radiation Units and Measurements (ICRU), was 
approvecfor publication by the ICRU. The latter is titled, “The Quality 
Factor in Radiation Protection.” Information on the ICRP and its 
meetings: M. C. Thorne, scientific secretary, ICRP, Clifton Avenue, 
Sutton, Surrey, SM2 5PU, Encland. 
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Ultrasound Conference 


The 11th annual Spring Diagnostic Ultrasound Conference, spon- 
sored by the Los Angeles Radiological Society (LARS), will oe May 
2-4 in Los Angeles. A postconference seminar will follow, May 4-10, 
in Oahu, HI. The Los Angeles conference will include five werkshop 
sessions over the course of the 3-day event in either intermediate or 
advanced levels. There will be round table sessions on each day. 
Topics include: neonatal cranial, fetal, interventional, Dopper, arti- 
facts and technique, obstetric, gynecologic, genitourinary, hepatobil- 
iary, and musculoskeletal sonography. There will be commercial 
exhibits. Main speakers: L. L. Berland, University of Alabama; J. D. 
Bowie, Duke University; R. A. Filly, University of Califorma, San 
Francisco; L. A. Mack, University of Washington; and M. D Rifkin, 
Thomas Jefferson University. Workshop speakers: P. W. Callen, R. 
B. Jeffrey, and F. C. Laing, all University of California, San Francisco; 
P. L. Cooperberg, University of British Columbia; M. Crade, Memorial 
Hospital, Long Beach, H. Finberg, Good Samaritan Medical Center, 
Phoenix; B. B. Gosink and G. R. Leopold, University of California, 
San Diego; T. G. Lee, University of Utah; L. Meunck, Palomar Me- 
morial Hospital, Escondido; E. |. Miller, Hoag Memorial Hospital, 
Newport Beach; D. Pretorius, University of Colorado; P. W. Ralls, 
LAC/USC Medical Center; D. S. Sarti, University of California, Los 
Angeles; and W. Scheible, Portland (OR) Adventist Medical Center. 
Category | credit: 17 hr. Fee: $325 for nonmembers, $300 for 
members. 

The postconference seminar will feature. L. L. Berland, J. D. Bowie, 
H. Finberg, L. A. Mack, and E. |. Miller. Category | credit: 18 hr. Fee: 
$395 for physicians, $295 for technologists. 

Information: Charles J. Schatz, M.D., c/o Los Angeles Radiological 
Society—-SDUC, P.O. Box 91215, Los Angeles, CA 90009-1215; 
(213) 642-0921. 


1986 Neuroradiology Review Course 


The 1986 Neuroradiology Review Course, sponsored by Loyola 
University of Chicago Departments of Radiology and Coatinuing 
Medical Education, will be held May 3-4, 1986 at the Chicago Marriott 
Hotel/Oakbrook in Oak Brook, IL. This review course will concentrate 
on neuroradiology and new modalities for general radiologists, neu- 
roradiologists, neurosurgeons, and residents. Fee: $170, $100 for 
residents. Category | credit: 16 hr. Information: Linda K. Gunzourger, 
Ph.D., Director of Educational Research and Development, Loyola 
University Stritch School of Medicine, 2160 South First Avenue, 
Maywood, IL 60153, (312) 531-3237. 
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Cardiovascular Review Course 


The Armed Forces Institute of Pathology (AFIP) will present the 
AFIP Cardiovascular Review Course, May 5-9, in Bethesda. Cate- 
gory | credit: 28 hr. Fee: $400, $325 for residents. Information: Mrs. 
Cunningham, Dept. of Radiologic Pathology, Room G051, Armed 
Forces Institute of Pathology, Washington, DC 20306; (202) 576- 
2534. Military and other full-time federal salaried physicians contact: 
Associate Director for Education, (EDZ), at the AFIP, or telephone 
(202) 576-2934. 


Foreign Courses 


The Department of Radiology of the University of California, Irvine 
Medical Center and the Great Teachers Foundation will present the 
following foreign continuing medical education courses. In all cases, 
there will be extensive site visits to local hospitals and university 
medical centers and interchange of medical lectures with local facul- 
ties. 

Diagnosis of Lung Diseases in Adults and Children-An Imaging 
Approach, May 12-16, 1986 in Paris, France. The faculty includes: 
Drs. D. Dirks, E. Fishman, D. Lalleman, E. Milne, F. Pinet, and C. 
Ravin. 

Radiology for the Clinician “Lung Diseases-Clinical Problems and 
Imaging Solutions", July 7-11, 1986 in Venice, Italy. Faculty includes 
Drs. G. Gamsu, E. Milne, N. Milne, and M. Pistolesi. 

Information and brochure: R. Dawne Ryals, Ryals and associates, 
P.O. Box 920113, Norcross, GA 30092-0113; Tel (404) 641-9773. 


Postgraduate Course in Ultrasound 


The 9th Annual Postgraduate Seminar in Diagnostic Ultrasound 
with Body CT Correlation will be held Friday and Saturday, May 16- 
17, 1986 at the Southfield Hilton Hotel in Southfield, Michigan. The 
topics include ultrasound of the prostate, carotid, pancreas, biliary 
tract, high risk obstetrics, neonatal neurosonography, gynecologic 
and intraoperative ultrasound. Faculty: R. Bree, J. Hobbins, J. Karo, 
F. Laing, F. Lee, B. Madrazo, H. Neiman, M. Sandler, T. Silver. Fee: 
$250 for physicians, $140 for Technologists, Fellows and Residents. 
Category l-credit: 16 hr. Course Co-chairmen: James J. Karo, M.D. 
and Michael A. Sandler, M.D. Information: Shirley Packwood, Seminar 
Coordinator, 2923 Woodslee Drive, Royal Oak, MI 48073, (313) 857- 
7147. 


Nuclear Medicine Course 


A course, Nuclear Medicine—1986: Current Clinical Practice and 
Future Concepts, will be presented by the Albert Einstein College of 
Medicine, May 27-30, in New York City. Emphasis will be on corre- 
lating radionuclide diagnosis with other imaging methods including 
sonography and computed tomography. There will be workshops 
and didactic sessions. Program directors: M. D. Blaufox and L. M. 
Freeman. Guest faculty: P. O. Alderson, S. Hilal, and J. Newhouse, 
all Columbia University; J. S. Borer, Cornell University; L. Rosenthall, 
McGill University; J. H. Thrall, University of Michigan; R. L. Van 
Heertum, New York Medical College; and H. N. Wagner, Jr., Johns 
Hopkins Medical School. Category | credit: 23 hr. Fee: $400; $250 
for residents, fellows, and technologists. Information: Mitchell H. 
Stromer, Albert Einstein College of Medicine, 1300 Morris Park Ave., 
Bronx, NY 10461; (212) 904-4180. 


RAPHEX Examination 


RAPHEX, a practice examination in physics prepared and pub- 
lished by the New York Radiological Medical Physics Society 
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(RAMPS), will be given on June 6. This is an aid for radiology residents 
preparing for their board examinations. Cost: $15. Copies of this and 
prior examinations may be obtained from RAMPS after the exami- 
nation. Anyone interested in giving the examination or purchasing 
copies should contact: Esther Schneider, Box 1209, Radiation Phys- 
ics Lab (RAMPS), Downstate Medical Center, 450 Clarkson Ave., 
Brooklyn, NY 11203; (718) 270-1424. 


Cardiovascular-Musculoskeletal Congress 


The European Association of Radiology and Georgetown Univer- 
sity School of Medicine will cosponsor the fourth International Con- 
gress on Cardiovascular Radiology and Musculoskeletal Radiology, 
June 12-15, in Salzburg, Austria. The cardiovascular section, pre- 
sented during the first two days, covers recent developments in 
digital arteriography, magnetic resonance imaging, computed tomog- 
raphy, and sonography for vascular disease. Interventional topics will 
include transluminal angioplasty of peripheral and brachiocephalic 
arteries, regional fibrinolysis, endovascular stents, and embolization 
procedures. The two-day session on musculoskeletal disease will 
focus on trauma, metabolic disease, arthrography, and new imaging 
techniques. There will be American and European faculty. Category 
| credit: hour for hour. Fee: $250 for entire course or $150 for either 
half. Information: Klemens H. Barth, M.D., Dept. of Radiology, 
Georgetown University Hospital, Washington, DC 20007; (202) 625- 
2891. 


Leeds Gastroenterology Course 


The University of Leeds and the Royal College of Radiologists will 
present a course, the Leeds Gastroenterology Course for Radiolo- 
gists, July 7-10, in Leeds. This will: (1) update clinical gastroenterol- 
ogy; (2) report on state-of-the-art radiologic techniques in a clinical 
setting; and (3) concentrate on tumors of the pancreas and colon, 
liver metastases, radiology of the small intestine and abdominal 
trauma. Category | credit: 26 hr. Fee: £ 140. Information: F. Moran, 
Postgraduate Dean's Office, Leeds General Infirmary, Leeds, England 
LS1 3EX. 


Image Perception Conference 


The University of New Mexico will host a course, the Farwest 
Imaging Perception Conference, July 17-18, in Albuquerque. Infor- 
mation: Office of Continuing Medical Education, North Campus, 815 
Vassar N.E., Albuquerque, NM 87131; (505) 277-3942. 


Masters International Conference 


The second annual Masters International Diagnostic Radiology 
Conference will be Sept. 21-26 in Vienna. There will be lectures and 
discussions by faculty in the fields of chest, skeletal, gastrointestinal, 
and interventional radiology, computed tomography, magnetic reso- 
nance imaging, and sonography. Faculty: A. E. James, Jr., B. Katzen, 
M. Reeder, S. Siegelman, E. G. Theros, K. Bezina, R. Otto, H. 
Pokieser, W. Wenz, and E. Zeitler. Program chairman: M. M. Reeder. 
Category | credit: 27 hr. Fee: $525, $375 for those in training and 
U.S. military. Information: M. M. Reeder, Dept. of Radiology, Univer- 
sity of Hawaii School of Medicine, 1356 Lusitana St., Room 502, 
Honolulu, HI 96813; (808) 531-6471. 


Brain Anatomy and MRI 


An international meeting on brain anatomy and magnetic resonance 
imaging will be in Marseilles, France, Sept. 26 and 27. Organizers 
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are Professors Gouaze of Tours and G. Salamon of Marseilles. Fee: 
1000 FF. Information: Secrétariat Universitaire, Service de Neurora- 
diologie. C.H.U. Timone, 13385 Marseilles, France; telephone 
91.92.12.35. 


Indian Radiation Oncology Congress 


The eighth annual congress of the Association of Radiation On- 
cologists of India will be Dec. 5-7 in Bombay. Information: Dr. Arvind 
Kulkarni, organising secretary, Radiotherapy Department, Bombay 
Hospital, Bombay 400 020, India. 


Candidates Sought for AFIP Registrar 


The Armed Forces Institute of Pathology (AFIP) is seeking candi- 
dates for the post of registrar. Navy Captain Davis S. Hartman will 
complete his tour as registrar in early summer 1986. The position 
requires.a diagnostic radiologist with strong teaching and research 
interests Preference will be given to qualified military radiologists, 
but interested civilians also may apply. Compensation for a civilian 
wouid be based upon federa! civil service scales. The registrar has 
respons bilities for the teaching, research, and consultative programs 
by which radiologic-pathologic correlations contribute to the diagnos- 
tic process. Staff of the registry includes military and contract radiol- 
ogists amd currently a distinguished scientist in radiology. Inquiries 
to: Col. McMeekin, AFIP, Water Reed Army Medical Center, Wash- 
ington, DC 20306. 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings appear in the AJR issues noted 
in parentheses. 


San Diego Courses: Residents’ Review, April 28-May 2; Biology 
and Physics of Radiology, Sept. 1-5; Postgraduate Course, Oct. 
13-17, all San Diego (Oct) 

International Education Series. Controversies in Medicine, April 
30-May 8, May 7-15, Paris; Aug. 14-22, Aug. 21-29, London. 
Update on Laser Therapy, June 25-July 3, July 2-10, Heidelberg 
(Jan) 

Echocardiography Symposium, May 1-3, Boston (Dec) 

Physicists Spring Seminar, May 5-7, Stateline, NV (Feb) 
Radionuclides in Nephrourology, symposium, May 5-7, Lausanne, 
Switzerland, (Aug) 

Uroradic!ogy Postgraduate Course, May 5-9, the Netherlands (Aug) 
interventional Radiology Conference, May 5-9, Washington, DC 
(March) 

London and Rome Seminars: May 10-14, London, May 14-18, 
Rome (Feb) 

American Thoracic Society Annual Meeting, May 11-14, Kansas 
City, Mo (Dec) 

Radiology Course in Hong Kong, May 11-16 (Dec) 

Planning an MRI Facility, course, May 12-14, Toronto (Feb) 
Radiation and Radiotherapy Courses. Advanced Radiological 
Health, May 12-16; Radiation Safety Officers Course, May 19- 
23, both San Antonio (Sept) 

Breast Cancer Conference, May 12-16, Boston (March) 
Radiology in Otolaryngology, conference, May 15-17, Seattle 
(March) 

Concepts in Diagnostic Radiology, course, May 20-23, San Fran- 
cisco (Jam) 

Magnetic Resonance Imaging Course, May 21-23, Boston (Jan) 
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European Pediatric Congress, May 21-24, Barcelona, Span (Feb) 
Vanderbilt Courses. Sonography Symposium, May 23-24, Nash- 
ville: Advances in Medical Imaging, June 5-9, Kiawah Islend, SC; 
Breast Imaging Symposium, July 25-26, Nashville (Dec) 

Imaging Courses. Imaging at Spoleto, May 26-30, Charleston, SC; 
Imaging at Wimbledon, London, June 21-28 (March) 

Cincinnati Refresher Course, May 27-31 (Feb) 

Emergency Radiology, course, May 28-30, Boston (Jan) 
Mammography Course, June 2-5, Sept. 8-11, Oct. 2C-23, all 
Boston (Feb) 

Harvard Course. Coronary Angiography 1986: Imaging Tech- 
niques, PTCA, Thrombolysis, and Bypass Surgery, Jure 9-12, 
Boston (March) 

Radiology and Nuclear Medicine, course, June 16-20, Charleston, 
SC (March) 

Israel Sonography Symposium, June 20-29, Jerusalem (Feb) 
Cavernous Sinus Symposium, June 29-July 3, Ljubljana, Yugoslavia 
(March) 

Sonography Cruise, July 5-12, Alaska (March) 

Weekend Courses. Abnormal Lung Function, July 7-11, Venice; 
Frontiers in Chest Diagnosis, Sept. 22-26, Edinburgh; Bcne and 
Genitourinary Imaging, Nov. 3-7, Marbella, Spain (Feb) 

Radiology Update in Scotland, course, July 10-21, Edinburgh and 
Turnberry (Jan) 

Roentgen Revisited Course, July 13-18, Garmisch-Partenkirchen, 
West Germany (March) 

Hyperthermia Institute, July 26-Aug. 9, Urbino, Italy (Marcha 
Computers for Physicians, course, July 27-30, Cape Cod, MA 
(March) 

Radiation Oncology Physics, course, July 27—Aug. 1, Oxford, OH 
(Feb) 

Sonography Seminars. Advanced Neusonology, July 28-30; Ad- 
vanced Applied Ultrasound in Obstetrics, July 31-Aug. 2. both 
Snowmass, CO (March) 

Pediatric Imaging Course, Aug. 3-6, Colorado Springs (No~) 
Congress of Asean Association of Radiology, Aug. 7-9, Simgapore 
(Dec) 

Top of the World Radiology, course, Aug. 9-16, Great Beer Lake, 
Canada (Dec) 

Diagnostic Imaging Symposium, Aug. 11-14, Newport, RI @Viarch) 
Ultrasound Congress in Denmark, Aug. 19-22, Copenhagen (Oct) 
Radiology Congress in Salzburg, Sept. 7-13 (Feb) 

Organ Imaging Review, Sept. 8-12, Toronto (Feb) 

Australasian Meeting, Sept. 13-19, Singapore (March) 

Blood Flow in the Brain, meeting, Sept. 23-25, Glasgow, Scotland 
(Dec) 

European Symposium, Oct. 1-4, Vienna (March) 

1987 Radiology Congress, Lisbon, May 31—June 6 (Oct) 

Call for Papers: International Conference on Computer Assisted 
Radiology. Abstract deadline, May 31, 1986; meeting, July 1-4, 
1987, West Berlin (Feb) 


AJR carries announcements of courses, symposia, and meet- 
ings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be lis ed. 
Guest faculty names will appear only if initials are proviced. 
Mail news items to AJR Editorial Office, 2223 Avenida d2 la 
Playa, Suite 306, La Jolla, CA 92037. 


Classified Advertising 


Positions Available 


AMERICAN-TRAINED RADIOLOGIST to work 
in salaried position in 6-member, multispecialty 
group radiology practice in office and hospital 
setting in metropolitan New York area. Reply 
Box K10 AJR (see address this section). 3xa 


THE ROSWELL PARK Memorial institute, affil- 
iated with the State University of New York at 
Buffalo School of Medicine, seeks to fill the 
position. Director of Diagnostic Radiology, at 
the institute. The successful applicant must be 
certified by the American Board of Radiology 
and must have well-developed capabilities in 
patient care, teaching, research, and adminis- 
tration. Curriculum vitae should be sent to 
Andrew A. Gage, M.D., Roswell Park Memorial 
Institute, 66 Elm St., Buffalo, NY 14263. 4a 


INTERVENTIONAL NEURORADIOLOGIST. 
The UCLA School of Medicine has a full-time 
faculty position available in the Diagnostic Div- 
ision, Dept. of Radiological Sciences. Academic 
level of appointment to be determined. Ameri- 
can Board of Radiology certification required. 
Must be eligible for California licensure. Provide 
curriculum vitae, a statement of background 
and interests in academic radiology, and a list- 
ing of 5 references. Reply to John Bentson, 
M.D., Chief of Diagnosis, Dept. of Radiological 
Sciences, UCLA Medical Center, Los Angeles, 
CA 90024. The University of California is an 
Equal Opportunity/Affirmative Action Employ- 
er and encourages applications from members 
of minority groups and women. 4a 


DIAGNOSTIC RADIOLOGIST wanted to join a 
large hospital and office practice in Florida. 
Applicant must be skilled in all aspects of radi- 
ology. Special skills in neuroradiology desira- 
ble. Send CV to Radiology Practice, P.O. Box 
17257, Tampa, FL 33682-7257. 4-5a 


BOARD CERTIFIED RADIOLOGIST(S) needed 
for rapidly growing comprehensive outpatient 
diagnostic imaging center located in a major 
Southeastern metropolitan city. All imaging 
modalities, including outpatient angiography 
and fine needle aspiration biopsies are per- 
formed, with the exception of MRI (which is 
anticipated within 12-18 months.) Fellowship 
training in MRI would be helpful. Physician 
couples are encouraged. Please enclose CV 
with initial inquiry. Respond Box A5 AJR (see 
address this section). 4-7a 


DIAGNOSTIC RADIOLOGIST, South Texas, 
join hospital-based group. Excellent salary and 
early partnership available. All diagnostic mo- 
dalities except MRI. Send CV to Box A7 AJR 
(see address this section). 4xa 


DIAGNOSTIC RADIOLOGIST—seeking a BE/ 
BC radiologist to fill a position vacated due to 
retirement. Six member department based in a 
290 bed community hospital in a pleasant sub- 
urban area north of Detroit. Interest in nuclear 
medicine or neuroradiology would be helpful. 
Reply with CV to: Alan Reidinger, M.D., Chair- 
man, Dept. of Radiology, Crittenton Hospital, 
1101 W. University Dr., Rochester, MI 48063. 4a 


NEURORADIOLOGY—Faculty appointment 
for a trained neuroradiologist with interest in 
teaching and research at the medical school of 
the University of Texas Health Sciences Center 
at San Antonio. Send curriculum vitae to: Robert 
L. Siegle, M.D., chief, Diagnostic Radiology, 
Dept. of Radiology, The University of Texas 
Health Science Center at San Antonio, 7703 
Floyd Curl Dr., San Antonio, TX 78284. Equal 
employment opportunity/affirmative action 
employer. 2-4a 
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THE ROSWELL PARK Memorial Institute, affil- 
lated with the State University of New York at 
Buffalo School of Medicine, seeks to fill the 
position of Director of Radiation Therapy. The 
successful applicant will direct an active de- 
partment of radiation oncology in a hospital 
renowned for patient care and cancer research. 
The successful applicant must be board certi- 
fied in radiation therapy and have proven capa- 
bilities in patient care, teaching, research, and 
administration. Curriculum vitae should be 
submitted to Andrew A. Gage, M.D., Roswell 
Park Memorial Institute, 666 Elm St., Buffalo, 
NY 14263. 4a 


GASTROINTESTINAL RADIOLOGY. Aca- 
demic position available at assistant professor 
rank starting July 1986. The University of Penn- 
sylvania is an Affirmative Action Equal Oppor- 
tunity Employer. Minorities and women are 
encouraged to apply. Write to Igor Laufer, M.D., 
Dept. of Radiology, Hospital of the University of 
Pennsylvania, 3400 Spruce St., Philadelphia, PA 
19104; (215) 662-3263. 4a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Oppor- 
tunities for 3-4 week or longer working vaca- 
tions inanumber of Israeli medical centers, ona 
volunteer basis. Positions varied, arrangements 
flexible. For information contact: Jonathan H. 
Fish, M.D., 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596: (415) 947-0560. 2-7a 


BOARD CERTIFIED RADIOLOGIST seeks an 
associate to service a 40-man multispecialty 
group and 155-bed med-surg hospital, all part 
of a medical center complex. Excellent oppor- 
tunity to practice state-of-art imaging with CT, 
ultrasound, arteriography, and nuclear cardiol- 
ogy (no MRI). Experience in therapeutic radiol- 
ogy optional. The facility is located in a city of 
45,000, just 40 miles from a major metropolitan 
center in the midwest area of the country. Initial 
guarantee generous and early partnership is 
anticipated. Send CV. Reply Box J1 AJR, 2223 
Avenida de la Playa, Suite 306, La Jolla, CA 
92037. 2-5a 


DIAGNOSTIC RADIOLOGIST: Board-certified 
diagnostic radiologist seeks partner in expand- 
ing solo hospital-based practice. Upstate New 
York. All modalities available. CV to Phillip 
Berman, M.D., HC61 Box 454, Massena. NY 
13662. 9-4a 


BOARD CERTIFIED RADIOLOGIST—to join a 
3-member department in a 204-bed community 
hospital. Interest in nuclear medicine would be 
helpful. Salary and partnership terms are nego- 
tiable. Reply with CV to D. W. Boyd, M.D., Good 
Samaritan Hospital, Pottsville, PA 17901. 2-4ap 


DIAGNOSTIC RADIOLOGIST. Join 1 other 
hospital-based radiologist in Dallas, TX, suburb 
with excellent salary and early partnership 
available. All diagnostic modalities except MRI. 
Preference for university training. Expertise in 
neuroradiology, CT, and ultrasonography 
necessary. Angioplasty experience desirable. 
Send CV to Gil Daley, M.D., Charter Suburban 
Hospital, 1011 N. Galloway, Mesquite, TX 75149: 
(214) 320-7008. 4ap 


BOARD CERTIFIED RADIOLOGISTS—to join 
11 member department in 625 bed hospital. 
Desire persons with expertise in nuclear medi- 
cine, neuroradiology, and MRI. Have active 
residency program and are in the process of 
installing MRI. Please send resume to Heber E. 
Yeagley, M.D., Dept. of Radiology, Reading 
Hospital and Medical Center, Reading, PA 
19603. 4-5a 


Positions Desired 


RADIATION THERAPIST, also qualified in 
diagnostic radiology including CT and interven- 
tional procedures, seeks employment with 
group or hospital-based physicians. Available 
immediately. Reply to Box A9 AJR (see address 
this section). 4-5bp 


BOARD CERTIFIED DIAGNOSTIC radiologist. 
Have completed 3 formal postgraduate fellow- 
ships in nuclear medicime, CT/US, and neuro- 
radiology/MR. Extensive practical angiography 
experience. Flexible starting date. Reply Box K4 
AJR (see address this section). 3-6b 


Fellowships and Residencies 


VISITING FELLOWSHIPS IN RADIOLOGY. 
Diagnosis, imaging, and interventional tech- 
niques at the Massachusetts General Hospital. 
J. M. Taveras, M.D., program chairman. 1-week 
programs including CT, ultrasound, nuclear 
medicine, neuroradiology, GI, vascular, pediat- 
ric, chest, GU, interventional, skeletal, onco- 
logic, breast imaging, amd magnetic resonance 
imaging. Write to: David C. Kushner, M.D., Visit- 
ing Fellowship Program Director, Dept. of 
Radiology, Massachusetts General Hospital, 
Fruit Street, Boston, MA 02114. 4c 


VANDERBILT FELLOWSHIPS. The Dept. of 
Radiology and Radiological Sciences at Van- 
derbilt University is currently offering 1-year fel- 
lowships in (1) CT with MRI, (2) chest, (3) bone, 
(4) pediatrics. Successful applicants will com- 
mence duties July 1, 1986. Applicants must be 
board certified or eligible and be able to obtain a 
Tennessee license. Applications should be 
addressed to: M. |. Shaff, M.D., Chairman, Fel- 
lowship Committee, Dept. of Radiological 
Sciences, Vanderbilt University-CCC 1100 
Medical Center N., Nashville, TN 37232. 2-4c 


Tutorials/Courses 


ALASKA ‘86—Cruise the Inland Passage, July 
5-12, 1986. CME | credit. Topics in ultrasound 
with Barry B. Goldberg, M.D. Registration U.S. 
$385 until April 12, after U.S. $425. For addi- 
tional information write or call ALASKA ‘86— 
Medical Seminars International, 21915 Roscoe 
Blvd., #222, Canoga Park, CA 91304: (800) 
MED-TOUR or (818) 701-5143. 1-6d 


JERUSALEM, ISRAEL—Ultrasound Symposi- 
um, June 20-29, 1986. Category | CME program 
presented in cooperation with the Israeli Ultra- 
sound Society by an International faculty. Fee 
to April 1986: U.S. $425, thereafter U.S. $460. 
Information: Medical Seminars International. 
21915 Roscoe Blvd., #222, Canoga Park, CA 
91304; (800) MED-TOUR or (818) 340-0580, ext. 
280. 1-6d 


LONDON, ENGLAND—ROME, ITALY, May 10- 
18, 1986. Attend one or both Spring Seminars. 
Renowned international faculty. Topics: CT, 
MRI, DSA. Category | accreditation. Fees: to 
March 7, U.S. $385, thereafter U.S. $425 each 
seminar. Combined fee: U.S. $450 and $495. 
respectively. Information: Medical Seminars. 
Dept. of Radiology, West Park Hospital, 22141 
Roscoe Blvd., Canoga Park, CA 91304: (818) 
340-0580 ext. 280 or (818) 701-1624. 11-4d 


ASPEN 86 SUMMER—Aug. 1986. CME I. Diag- 
nostic imaging. Registration: U.S. $395 before 
July 1; U.S. $425 thereafter. Information: Medi- 
cal Seminars International, 21915 Roscoe Blvd., 
Suite #222, Canoga Park, CA 91304; (818) 701- 
5143. 4d 
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LONDON, ENGLAND—PARIS, FRANCE. Sec- 
-ond Annual Fall Ultrasound Symposia. Sept. 
20-28, 1986. Attemd 1 or both symposia. Cate- 
gory | credit. Renewned faculty. Fee: U.S. $395 
before July 18; U.S. $450 thereafter. Combined 
fee: U.S. $450 before July 18; U.S. $495 there- 
after. Reduced fees for interns, residents, and 
technicians. Information: Medical Seminars 
International, 21915 Roscoe Blvd., Suite #222, 
Canoga Park, CA 91304; (800) MED-7OUR 
(outside California) or (818) 701-5143. 4-9d 


ORIENT 86 IMAGING—Aug. 16-31, 1986. 
Japan, Hong Kona, Bangkok. Diagnostic imag- 
ing. Registration: U.S. $395 before June 1. 1986; 
U.S. $425 thereafter. Information: Medica! Sem- 
inars Internationa, 21915 Roscoe Blvd., Suite 
#222, Canoga Park, CA 91304; (818) 701-5143. 
4d 


TOPNOTCH AT STOWE, VT, July 25-27. Body 
Imaging: Ultrasound and Computed Tomogra- 
phy Course. Faculty: Drs. Glazer, Leopold, 
Sanders, and from the University of Vermont. 
Category | credit: t2 hr. Contact: Carol McClure, 
Coordinator, Dept of Radiology, Medica Cen- 
ter Hospital af Vesmont, Burlington, VT 05401; 
(802) 656-3592. 4ap 


AJR Indexes 


AJR CONSOLIDATED INDICES available in 
limited quantities Complete your journal col- 
lection. Order by index number. Indices avail- 
able, years covered and prices: 2, 1938-1942, 
$10; 3, 1943-1947 $22.50; 4, 1948-1952, $23.50; 
5, 1953-1957. $25: 6, 1958-1962, $23.50: 7, 
1963-1967, $30; 8, 1968-1972, $40; 9, 1973-1977, 
$34. Order from: Subscription Dept., Williams & 
Wilkins, 428 E. Preston St., Baltimore, MD 
21202; (301) 528-4000. 


CLASSIFIED ADVERTISING 


AJR Classified Advertising Information 


Box Responses and Address for Ad Placement 


Write Box , AJR, Suite 306, Avenida de la Playa, La Jolla, CA 92037; (619 
459-2229. 





How to Place an Ad 


AJR accepts classified advertising for Positions Available, Positions Desired, 
Fellowships and Residencies, and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates. $6.00/line with a $30 minimum charge. Box service is $10 additional for 
each month the ad appears. There are discounts for multiple insertions: 10% for 2-3 
insertions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJR issues mail in the middle of 
the month preceding the cover date (e.g., July mails June 17). For specific dead- 
lines, write or telephone the AJR editorial office. 


Estimating Ad Charges 


Line charge: divide total words by 5.5 and multiply by $6.00 ..... $ 
Multiple insertions? If so, multiply by number ................6- x 
NG ing hin Sued IE apa EEE AE E orem $ 
Box response requested? If so, multiply number of months by 
CIOS vcincehsateevimacs Yaak ee sed Peake IANO atten + 
ED s a an E ees) dae E a ae $ 


Discount applies to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more ............. = 


Approximate advertising Charge s.cnkccinasswcnncap ies towers $ 
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The Journal of MEDICAL PRACTICE MANAGEMENT 
Editor: Marcel Frenkel, MD, MBA 


A new journal gives you the management 
skills you need to pull ahead 


Right now you need information on some 
important topics that weren't covered in medical 
school. Topics that are having a profound impact 
on private practice and hospital-based physicians 
across the country. 

Like competition from HMOs. Industrialization of 
medicine. The sheer number of physicians compet- 
ing for your patients. Increasing costs. 

You know the issues. What you need to know is 
the best way to face them so your practice will 
flourish in years to come. 

And that’s where The Journal of Medical Practice 
Management comes in. 


Keep up with the issues that are changing 
your way of practice forever 


The Journal of Medical Practice Management 
is anew quarterly publication that covers your 
concerns...issues affecting the way you practice 
now — and the way you'll practice in the future. 

Four times a year, an expert editorial board 
headed by Dr. Marcel Frenkel brings you concise, 
readable coverage of today’s issues and tomorrow's 
trends. 

You'll find departments covering ® office proce- 
dures and management ® malpractice ¢ marketing 
e manpower ® computers ® taxation ® legal and 
legislative affairs ¢ and health policy. 

You'll also find pertinent features like the 
Washington Report, telling you what’s up in the 
nation’s capital and how it affects you...a Letter 
from Abroad, offering perspectives on how physi- 
cians are handling health care issues in other 
countries...and profiles of profit and not-for-profit 
health care delivery systems. 


A multidisciplinary editorial board 


Members of the editorial board for The Journal 
of Medical Practice Management have been care- 
fully chosen for their knowledge of the manage- 
ment aspects of practicing medicine. These 
experts, many with experience in more than one 
field, give you the perspectives you need from 
medicine, law, management, government, and 
education. 


You can control the future of your practice 

The issues you can't afford to ignore are in The 
Journal of Medical Practice Management. It’s a lot 
of information for a little money. And that’s good 
business for you. 


Reserve your charter subscription today! 

Just return the attached coupon, or call our 
FREE number, 800-638-6423, from anywhere in the 
US except Alaska and Hawaii. In Maryland, call 
528-4105 collect. Quarterly 


Williams & Wilkins 


428 East Preston Street 
Baltimore, Maryland 21202 


266 Fulham Road 
London SW70 9EL England 


YES, | want to control the 
future of my practice! 

Please enter my subscription to The Journal of 
Medical Practice Management (quarterly) 


O Individuals and Institutions $40 
All subscribers: add $10 outside the U.S. 


O Check enclosed O Bill me 
O MasterCard O American Express O VISA 


Card # È Exp. date 


Si g nature 





Name 





Address 








City/State/Zip 
Maryland residents add 5% sales tax. Subscriptions 


outside the US must be prepaid. All subscriptions must be 
paid in US dollars. Rates valid through Apri! 30, 1987. 


Please allow 8 weeks for delivery of your first issue, up to 
16 weeks for surface delivery outside the US. Airmail rates 
available on request. 


Williams & Wilkins 


P.O. Box 1496 
Baltimore, Maryland 21203 


266 Fulham Road 
London SW10 9EL England 
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American Journal of 
Neuroradiology 


Editor: Juan M. Taveras, MD, Harvard Medical 
School; MGH 


Outstanding clinical papers on every aspect of CNS 
imaging, including spinal diagnosis...informed coverage 
of head and neck radiology...clear, readable CTs, angio- 
graphs, MR imaging and ultrasound studies. These are 
the features you demand of a quality professional journal. 
You'll find them in every issue of AJNR: American 
Journal ef Neuroradiology. 





As you are called upon to perform and interpret more 
and more sophisticated diagnostic tests — from myelog- 
raphy to CT to newborn ultrasound studies — you need a 
comprehensive, reliable journal that can keep you abreast 
of all the latest developments. Each bimonthly issue of 
AJNR brings you timely, elinically pertinent informa- 
tion, as well as important clinical research presented 
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* In-hospital wheel assembly (shown). 
* Van wheel assembly. 


Mamex DC ... 


* Five-year proven track record of performance 
and reliability; 

* Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 

i internationally; 

= œ, * Full 12-month non-prorated warranty on the 

oo x-ray tube; 

* Average midbreast dosages, ona 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


EmA ... Offers your facility the very best in diagnostic 
Original MAMEX DC equipment available in today’s marketplace. 
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PORTABLE 


TELERADIOLOGY 


Colorado Video’s Model 290R 
Teleradiology receiver makes 
an excellent companion for 
on-the-go imaging 
specialists. It is designed to 
receive diagnostic-quality still 
video images of X-rays, CT, 
nuclear and ultrasound 
scans for prompt, preliminary 
diagnoses. This lightweight 
instrument is contained in an 
attractive leather attache 
case. 


With portable, easy-to-use 
Teleradiology equipment, on- 
call imaging specialists can 


respond rapidly to requests 
from a hospital or medical 
center, regardless of their 
location. Multiple institutions 
are easily serviced on a time- 
sharing basis, and the 
receiving unit may be shared 
by a group of radiologists 
with on-call responsibilities. 


Colorado Video Teleradiology 
systems use ordinary “dial- 
up” telephone lines for image 
transmission, and may be 
used nearly anywhere, even 
overseas. Initial hardware 
costs are low, and opera- 


COLORADO VIDEO INC. 





Box 928 Boulder, Colorado 80306 USA 
(303)444-3972-TWX 910-940-3248 (COLO VIDEO BDR) 





tional costs are usually only 
those of a telephone call. 


For further information about 
portable Teleradiology equip- 
ment and other types of 
Colorado Video x 

medical 
systems, 
please 
call or 
write. 













PORTA RAY IS PROUD TO INTRODUCE 
pixie Il 


THE BEST OF PIXIE - PLUS 


MICROPROCESSOR CONTROLLED 
e SOLID STATE - DIGITALLY PROGRAMMED —--—- 


e AUTOMATIC EXPOSURE CONTROL - BUILT IN 
Any Size Cassette, Any Examination 


e 50mA - 100kVp - 200mas 
e AUTOMATIC LINE VOLTAGE REGULATOR 


e NO BATTERIES TO CHARGE - AVAILABLE FOR USE 
24 HRS. A DAY 


MANUFACTURED IN U.S.A. 


e CERTIFIED TO BE INCOMPLIANCE 
WITH ALL GOVERNMENT REGULATIONS 


For more information contact Porta Ray or your local X-Ray dealer. 
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porta rau INC. 19 Jefryn Blvd. West, Deer Park, N.Y. 11729 U.S.A. (516) 242-0022 




















Two step film control 
Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, fim speed and contrast. Quickly. Easily. 


The Tobias Model RF 
Wejex Sensitometer 





The Tobias 
Model TBX Digital 








Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2”x 2” ANSI blue, green or 


other filters, double sided exposures, 8”x 10” 


and 35mm test film alignment. And more. 


*Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 2-6, 28, 1973 (Reprints available 
on request) 


Wejex Universal 
Model RF 

\/so available 
Wejex Standard 
Model R 





For a demonstration, call your Tobias dealer. 
Or write for our brochure. Ask about our 30 day free trial 


© Densitometer 


Measures optical transmission 
density of the Wejex-exposed step 
wedge over a density range of 0 
to 4.50. Accuracy + 0.02. 
Repeatability + 0.01. State-of-the- 





art electronics. Lighted digital 
display. 5 second warm up. Easily 
portable. Virtually no zero drift. 
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A TOBIAS ASSOCIATES, INC. 
50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-4500 


i | Send literature on the Wejex Sensito- 


Name 





meter and TBX Densitometer. 





Title/Organization 
Please send me a copy of D.J. = = 
Lawrence's “A Simple Method of 

Processor Control.” Address 


C Tell me more about your 30 day free City 


trial policy. Zip ——— __ Tel. = _ i 
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the development of nonionic contrast media, introduces... 


An important innovation for 
vascular and subarachnoid imaging. 








NEW NONIONIC 


-OMNIPAQUE 


(JOHEXOL) 


Improving the safety profile 
in a broad spectrum 
of applications. 


Indicated for: 











Angiocardiography 

Cerebral Arteriography 

I.V. Digital Subtraction Angiography 
of Head and Neck 

Peripheral Arteriography 

Peripheral Venography 
Aortography 

Excretory Urography 

Lumbar and Thoracic Myelography 
CT Myelography 





meal meson abel Lec henlyg agave pel ih ing 


indic ings, adve s, patient selection, and | Winthrop Breon 
cet eich commen dations. 
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(IOHEXOL) 








SIGNIFICANT IMPROVEMENT IN PATIENT TOLERANCE 


Incidence of Adverse Reactions After Intravenous Injections* 













Cardiovascular E 1.25% 

P<.0001 3.83% 
Central nervous system | | 0.83% 

P=.004 2.06% 


Gastrointestinal P<.0001 |__| 3.27% 






(nausea, vomiting, taste) 15.83% 
Skin P<.o001 |__| 1.31% 
(flushing, urticaria, itching, exanthema) 7.22% 
Respiratory | 0.30% 
P=.09 0.74% 
Muscular | 0.18% 
P>.75 0.22% 
pe i from Dahlstrom 0% 5% 10% 15% 20% 
et al.’ 


E] lohexol (n = 1,683 patients) [a lonic Media (n = 1,358 patients) 


NO CONFUSION OR 
DISORIENTATION AFTER MYELOGRAPHY 
REPORTED IN CLINICAL STUDIES?‘ 


Elderly patients may present a greater risk following myelography. 
Physicians should remain alert for the occurrence of adverse effects 
which have occurred with other nonionic water-soluble media. 


GREATER PATIENT COMFORT IN 
VASCULAR APPLICATIONS?” 


More comfortable procedures for patients, especially those who have 
severe stenotic disease or experienced pain during a previous examination. 


Improved patient cooperation can result in increased patient throughput. 
For myelography: recommended concentrations— 


OMNIPAQUE 180 (180 mgl/mL) or OMNIPAQUE 240 (240 mgl/mL). 


* See last pages for important product information concerning 


Improving the safety profile 
in a broad spectrum 
of applications 





IMPROVING THE PATIENT SAFETY PROFILE 


For all patients, including those hypersensitive to ionic media.’ 
Since adverse reactions can occur with nonionic media, similar 
preparations to those recommended for ionic media should be 
olamned to handle severe or potentially fatal reactions. 


Improving the nephrotoxicity profile. 
Minimal effect on glomerular filtration rate, permeability, or 
albumin excretion.?'° Not recommended for patients with 
anuria. 


Improved hemodynamic profile.™!? Clinical relevance is yet to 
be determined. 
Less reduction in systolic and diastolic pressures. 
Minimal effect on myocardial conduction or contractility. 


Excellent neurotoxicity profile.*'*"° 


Elderly patients may be at greater risk following contrast media 
administration. 


GREATER CONVENIENCE 
IN ADMINISTRATION 


One ready-to-use agent for most examinations. 
No dilution or reconstitution necessary. 


Flexible application with the four most used iodine concentrations. 


Concentration Color 
Product (mgl/mL) Coding Indications for Use 


OMNIPAQUE® 180 180 
OMNIPAQUE® 240 240 
OMNIPAQUE® 300 300 
OMNIPAQUE® 350 350 





_ Lumbar, Thoracic, and CT Myelography 
_ Lumbar and Thoracic Myelography, Peripheral Venography 
_ Urography, Cerebral Arteriography, Peripheral Arteriography, 
Peripheral Venography 
_ Angiocardiography, Urography, Peripheral Arteriography, 
I.V. Digital Subtraction Angiography 





OMNIPAQUE DY 
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CONSISTENT DIAGNOSTIC QUALITY 


SUBARACHNOID IMAGES EQUAL TO OR BETTER THAN 
THOSE OBTAINED WITH A FIRST-GENERATION NONIONIC.*7 


r a 





Excellent filling of root sleeves. Diagnostic CSF 


Excellent visualization of root sll le lle for CT 
and conus medullaris. evaluation, 


No aspiration of contrast 
medium required. 


See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, and 
precautionary recommendations. 


Improving the safety profile 
in a broad spectrum 
of applications 





EXCELLENT VASCULAR IMAGING 


4 





Excellent pyelographi=> Excellent diagnostic quality in 
density. ° peripheral studies.°’ 


A preferred medium for lower- 
limb venography.” 





E CEN RES g \& 
Image degradation due to Excellent results in cerebral 
swallowing, motion, and arteriography.*" 
coughing is less with iohexol Less movement due to pain.” 


than with ionic contrast media.** 


OMNIPAQUE"|180) 


INJECTION (IOHEXOL) 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium. 
oar o tie oy en HNO AS is H e in adults for anglocar- 
diography (ven gr l ive coronary arteriography); aortogr , 
including studies of the aor root, aortic arch, seconde aorta, prion le 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography Including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography, 
by conventional technique and in computerized tomogra 


Administration of contrast media should be performed by qualified personnel 


familiar with the procedure and an ropnate technique s d be utilized. 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known h sitivity to iohexol. 


Lumbar re ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likety. 

Intrathecal administration of corticosteroids with OMNIPAQUE Is 
Because of We possibili 

se 6 ty of overdosage, immediate repeat myelography in 
the event of technical faliure is cpriraindicaled (see DOSAGE AND 
ADMINISTRATION). 
WARNINGS—Genoral: OMNIPAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL shouid not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria. 

Radiopaque contrast agents are potentially hazardous In patients with mutti- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration .has 
separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
panoni is not a contraindication; however, special precautions are necessary. 

rtial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of dae lat Including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling In individuals who are homo s for sickle cell cisease. 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If, in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium Injected should be kept to an absolute minimum. The 
patient's blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available. 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nodule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium. 

_ Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease. 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis. 

Elderty patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be pald to dose and concentration of the medium, hydration, and 
technique used. 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, Intravenous diazepam or phencbarbital sodium 
is recommended. In patients with a Poya seizure activity who are not on 
anticonvulsant therapy, premedication barbiturates shouid be considered. 

ylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent Intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases. 

Drugs which lower the selzure threshold, especially phenothiazine deriva- 
tives, including those used for their antihistamine properties, should not be used 
with OMNIPAQUE. Others Include MAO inhibitors, tricyclic antidepressants, 
CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or anti ic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the control of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure. , l 

Care is required in patient management to prevent Inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium causing Inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
omer administration for standard radiography {not CT} is not recom- 
mended. 

in most reported cases of major motor seizures with other nonionic o 
gap ig media, one or more of the following factors were present. There 
avoid: 


+ Deviations from recommended procedure or in myelographic management. 

* Use In patients with a history of epilepsy. 

+ Overdosage. l 

. iraran entry of a bolus or premature diffusion of a high concentration of 
the medium. 

* Medication with neuroleptic drugs or phenothlazine antinauseants. 

À ao maintain elevation of the head during the procedure, on the stretcher, 
or in 

« Excessive and particularly active patient movement or straining. 

lf grossly bloody CSF Is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient. 
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PRECAUTIONS—General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the directionof ~ 
personnel with the prerequisite training and with a eee knowledge ofthe i 
alee procedure to be performed. Approp iate facilities should be available 

coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent Itself. After parenteral 
administration of a radiopaque t, competent personnel and e ency 
facilities should be available for at least 30 to 6& minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS). 

aratory dehydration ls dangerous and may contribute to acute renal 

fallure in patients with advanced vascular diseese, diabetic patients, and In 
ible nondiabetic patients (often elderly with preexisting renal disease). 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that evernight fluid restriction prior to 
excretory umom hy generally does not provids better visualization in norma! 
patients. Patrents id be well hydrated prios to and following iohexol 
se ticker ariel 

n patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, wih a slow clearance into the bile. 
Patients with hepatorenal insufficiency should rot be examined unless the 
possibility of benefit clearly outweighs the addtional risk. 

Acute renal failure has been reported in diabatic patients with diabetic 

phropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urogr . Therefore, careful 
consideration of the potential nsks should be g-ven before performing this 
radiographic p ure In these patients. 

Immediately following surgery, excretory urography should be used with 
caution in ronal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
paea, or cardiovascular reactions should always be considered (see 

VERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions, and < 
that adequate and appropriate personnel be readily available In case a severe 
reaction should occur. 

The possibility of an idiosyncratic reaction in a i patients should 
always be dered (see ADVERSE REACTIONS). susceptible ee 
includes patients with a previous reaction to contrast media, patients with a 
known sensitivity to iodine per se, and patients with a known Clinical hypersen- 
sitivity: bronchial asthma, hay fever, and food abergies. 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several protesting methods. However, Mette cannot be relied upon to 
predict severe reactions and may itself be hazacdous for the patient. itis 
suggested that a thorough medical history witht emphasis on allergy and 
hypersensitivity, prior to the injection of any corzrast media, may be more 
accurate than pretesting in predicting potentiaEadverse reactions. 

A positive history of allergies or hypersensitiity does not arbitrarily con- 
traindkcate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergie reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does nct prevent serious life-threatening 
reactions, but may reduce both their incidence and severity. 

_ Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
inthalamate- tonic agents of comparablegodine concentration, the poten- 
tlal transitory increase In the circulatory osmotic load in patients with estive 
heart failure requires caution during injection. Tese patients should be ob- 
served for several hours following the procedur to detect delayed hemody- 
namic disturbances. 

General anesthesia may be indicated In the performance of some procedures 
in selected adult patients; however, a higher inc dence of adverse reactions has 
been reported in these patients, and may be atvibutable to the inability ofthe  “ 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase he duration of exposure to the 
contrast agent. l 

Angiography should be avoided whenever passible in patients with homo- 
cystinuria, because of the risk of inducing thror:bosis and embolism. 

In anglographic procedures, the possibility o dislodging plaques or damag- 
ing or perforating the vessel wall should be bore in mind during the catheter 
manipulations and contrast medium injection. Bst injections to ensure proper 
catheter placement are recommended. 

Selective coronary ey should be parformed only in those patients 
in whom the e ted benefits outweigh the pcrential risk. The inherent risks of 
anglocardlography In patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing ttis procedure. 

Administration of contrast media should be parformed by qualified personnel 
famillar with the procedure and appropnate pabent management. Sterile 
technique must be used with an ave 

When OMNIPAQUE Is to be Injected using plastic disposable syringes, the 
contrast medium should be drawn into the syrirje and used immediately. 

lf nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of claansing agents. 

Parenteral products should be inspected visually for particulate matter and 
discoloration onor to administration. If particulee matter or discoloration is 

resent, do not use. 

: Hf, in the clinical judgmert of the physician, sequential or 
repeat subarachnoid examinations are raquirec, a sultabie interval of time ~ 
between administrations should be observed tc allow for nomnal clearance of 
the drug from the body. i 
Information for Patients: Patients receiving InBctabie radiopaque diagnostic 
agents should be instructed to: 

1. Inform your physician if you are pregnant. 

2. Inform your physician If you are diabstic or if “ou have multiple lt lg 
pneocnnmar m homozygous sickle cel disease or known d disor- 
der (see WARNINGS). 
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3. Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previaus injections of dyes used for x-ray procedures. 
-P Inform your physiczan about any other medications you are currently taking, 
including nonpreseription drugs, before you are administered this drug. 
Drug/Laboratory Test Interaction: lf iodine containing isotopes are to be 
administered forthe ciagnosis of thyroid disease, the iodine-binding capacity of 
thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyracd function tests which do not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 
Drug Interactions: Drugs which lower the seizure threshold—especially phe- 
nothiazine derivatives including those used for their antihistaminic or antinause- 
ant properties—shou'd not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 
and psychoactive drugs described as analeptics, major tranquilizers, or anti- 
psychotic drugs. Sucn medications should be discontinued at least 48 hours 
before myelography, should not be used for tne control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nanelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 
studies have been performed to evaluate the potential of iohexol in these areas. 
Pregnancy Category B: Reproduction studies have been performed in rats and 
rabbits with up to 10C times the recommended human dose. No evidence has 
been established of impaired fertility or harm to the fetus due to OMNIPAQUE; 
there are, however, ne studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy ony if clearly indicated. 
Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 
istered to anursing woman, it is not known to what extent iohexol is excreted in 
human milk. 
Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: 
intrathecal: Adverseveactions to the intrathecal use of OMNIPAQUE in general 
have been mild to mcderate in degree, and of short duration. The incidence of 
these occurrences, based on Clinical trials of 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMN!PAQUE has been headache, with an incidence of less than 
20%. Headache maybe caused either as a direct effect of the contrast medium 
or by CSF leakage at ‘he dural puncture site. However, in managing the patient, 
it is considered more mportant to minimize intracranial entry of contrast 
medium by postural management than to attempt to control possible CSF 
leakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an imcidence of about 8%. 

Nausea and Vomitmg: Nausea was reported, with an incidence of about 6%, 
and vomiting of abou! 3% (based on clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydration is very important. The use of 
phenothiazine amtinamseants is contraindicated. Reassuring the patient that the 
nausea will clear is usually all that is required 

Dizziness: Transiemt dizziness was reported in about 2% of the patients 

Other Reactioms: Other reactions, occurring with an individual incidence of 
léss than 0.1%, inclu@ed feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating vertigo, and loss of appetite. All were transient and mild, 
with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 
aseptic and bacierialimeningitis, and CNS and other neurologic disturbances. 
Intravascular: Advese reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular origin, have been associated with the 
administration of iodime-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral angiography; pain and warmth are less 
frequent and less severe with OMNIPAQUE than with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias inclucing PVCs and PACs (3%), an- 
gina/chest pain (2%). and hypotension (1%). Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others imcluding anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-headedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystagmus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0 1%. 

Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including 
th dyspepsia, and dry mouth were reported, with an individual incidence 
(®) O. 

Skin and Appenda@es: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
or a specific proceduse are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodyaamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
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peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT BE- 
FORE USE. Details on dose, concentration, and administration are proviced for 
each of the indicated procedures. 
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European intravascular experience with iohexol based on the clinical trial 
program. Invest Radiol 1985; 20(suppl 1):117-121. 2. Shaw DD, Bacn-Gansmo 
T, Dahlstrom K: lohexol: summary of North American and European clinical 
trials in adult lumbar, thoracic, and cervical myelography with a new nonionic 
contrast medium. /nvest Radiol 1985; 20(supp! 1):44-50. 3. Sackett JF, 
Bergsjordet B, Seeger JF, et al: Digital subtraction angiography: Comparison 
of meglumine-Na diatrizoate with iohexol. Acta Radiol 1983; supp! 366, pp 
81-84. 4. Cacayorin ED, Bernstein AD, Fruehan CT, et al: Intravenous digital 
subtraction angiography with iohexol. AJNR 1983; 4:329-332. 5. Enge |: 
Phlebography: Survey and present state. Acta Radiol 1983; supp! 366, pp 
50-53. 6. Wolf GL: Adult peripheral angiography: Results from four North 
American randomized clinical trials of ionic media versus iohexol. Acta Radiol 
1983; supp! 366, pp 166-170. 7. Gordon IJ, Skoblar RS, Chicatelli PD, et al: A 
comparison of iohexol and Conray-60 in peripheral angiography. AJR 1984; 
142:563-565. 8. Holtas S: lohexol in patients with previous adverse reactions to 
contrast media. Invest Radiol 1984; 19:563-565. 9. Térnquist C, Holtas S: Renal 
angiography with iohexol and metrizoate. Radiology 1984; 150:331-334. 

10. Zachrisson BE, Jagenburg R: Comparison of iohexol with metrizoate in 
urography: A single blind parallel investigation. Acta Radiol 1983; supp! 366, 
pp 30-37. 11. Bettmann MA: Angiographic contrast agents: conventional and 
new media compared. AJR 1982; 139:787-794. 12. Selin K, Emanuelsson H, 
Renaa T: lohexol in coronary angiography: A comparison of ionic and non- 
ionic contrast media. Acta Radiol 1983; suppl 366, pp 115-120. 13. Bryan RN, 
Miller SL, Roehm JO, et al: Neuroangiography with iohexol. AJNR 1983; 
4:344-346. 14. Kido DK, Morris TW, Ekholm S, et al: Comparison of ohexol and 
meglumine-Na diatrizoate in cerebral angiography. Acta Radiol 1983; suppl 
366, pp 142-146. 15. Ahlgren P: lohexol compared to urografin meglumine in 
cerebral angiography: A randomized, double blind cross-over stucy. 
Neuroradiology 1982; 23:195-198. 16. Sortland O, Nestvold K, Kloster R, et al: 
Comparison of iohexol with metrizamide in myelography. Radiology 1984; 
151:121-122. 17. Kieffer SA, Binet EF, Davis DO, et al: Lumbar myelography with 
iohexol and metrizamide: a comparative multicenter prospective study. 
Radiology 1984; 151:665-670. 18. Ekelund L: lohexol in urography: Survey and 
present state. Acta Radiol 1983; supp! 366, pp 25-29. 19. Winfield AC, Dray 
RJ, Kirchner FK, Jr, et al: lohexol for excretory urography: A comparative 
study. AJR 1983; 141:571-573. 


An important innovation 
for vascular and 
subarachnoid imaging. 
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Improving the safety profile 
In a broad spectrum 
of applications. 
Indicated for: 
Angiocardiography 
Cerebral Arteriography 
I.V. Digital Subtraction Angiography 
of Head and Neck 

Peripheral Arteriography 

Peripheral Venography 
Aortography 

Excretory Urography : 
Lumbar and Thoracic Myelography Winthrop Breon) 


Winthrop -Breon Laboratories 


CT Myelog raphy Division of Sterlin g Drug Inc 
New York. NY 10016 
41286/3567 
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Signa offers essential 
capabilities other 
scanners ignore 


Beware of magnetic resonance bargains. 
Others may promise you many things, 
but only GE is delivering: 


O Thin slice and multi-slice/multi-echo 
imaging at minimal acquisition times 
O Cardiac gating and respiratory mo- 
tion compensation at no extra cost 

O Echo delay times of 20 msec. or less 
for superb T1-weighted images 


O Simultaneous scan, display, filming 
and archiving on one console 


O Display screen paging modes for 
cine-like review of up to 32 images in 
rapid sequence 


O Mobile scanning tables for fast scan 
room emergency evacuation and, with a 
second table, simultaneous prepping 
and scanning of patients 





CO A range of surface coils* that can be 
positioned outside the scan room 


The fact is, only one system offers it all, 
including financing and site design ser- 
vices to make it affordable: the Signa™ 
system from GE. Anything less is really 
no bargain. For details, call us. 


800-433-5566 Ext. 5402 


GENERAL @@ ELECTRIC 


*This feature is currently classified as investigational and is limited by federal 
law to investigational use. As such, it cannot be made commercially available 
until necessary government approval is granted. 
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Officers 


President: Eugene Gedgaudas 
President-elect: Jerome F. Wiot 

1st Vice-president: Lee F. Rogers 

2d Vice-president: Thomas C. Beneventano 
Secretary: Raymond A. Gagliardi 
Treasurer: Ronald G. Evens 


Executive Council: E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
T. C. Beneventano, R. A. Gagliardi, R. G. Evens, M. M. Figley, 
R. N. Berk, F. L. Angell, J. E. Madewell, M. P. Capp, G. W. 
Hartman, B. G. Brogdon, G. A. Kling, H. C. Carlson, A. K. 
Poznanski, A. E. James, Jr., J. A. Kirkpatrick, Jr., R. H. 
Troupin, S. S. Siegelman, chairman 


Committees 1985-1986 


Editorial Policy: S. S. Sagel, W. J. Casarella, J. T. Ferrucci, Jr., 
N. C. Whitley, S. Hilton, A. J. Davidson, J. M. Taveras, M. M. Figley, 
R. N. Berk, M. P. Capp, chairman 


Education and Research: C. E. Putman, A. R. Margulis, J. R. 
Thornbury, R. A. McLeod, G. W. Hartman, ex officio, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, J. A. Kirkpatrick, Jr., 
R. H. Troupin F. L. Angell, chairman 


Instruction Courses: R. A. McLeod, associate chairman, G. W. 
Hartman, chairman 


Program: H. C. Carlson, R. A. Gagliardi, R. H. Troupin, S. S. Siegel- 
man, M. P. Capp, J. E. Madewell, B. G. Brogdon, G. W. Hartman, 
G. A. Kling, A. V. Proto, C. E. Bickham, J. F. Wiot, chairman. 


Publications: W. J. Casarella, J. T. Ferrucci, Jr., S. S. Sagel, N. C. 
Whitley, M. P. Capp, chairman 


Scientific Exhibits: S. G. Kirchner, E. R. Heitzman, Jr., S. M. Gold- 
man, J. E. Madewell, chairman 


Nominating: J. P. Tampas, G. M. Stevens, J. A. Kirkpatrick, chairman 


Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L. F. 
Rogers 


American College of Radiology: J. L. Gwinn, G. A. Kling, G. W. 
Hartman, J. M. Dennis, E. J. Ferris 


American Medical Association House of Delegates: S. F. Ochsner, 
K. C. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Measurements: 
E. L. Saenger, H. L. Friedell 


Meetings, Membership, Business 
Information 


Annual Meetings: April 13-18, 1986, Sheraton Washington 
(DC); April 26-May 2, 1987, Fontainebleau-Hilton, Miami 
Beach; May 1-6, 1988, Westin Bonaventure, Los Angeles 


Director Annual Meeting: George A. Kling, Harper Hospital, Detroit, 
MI 48201 


ARRS Membership: Stanley S. Siegelman, Dept. of Radiology and 
Radiological Science, Johns Hopkins Hospital, 601 N. Broadway, 
Baltimore, MD 21205. The ARRS has two membership categories: 
active and in-training. For active membership, applicants must prac- 
tice radiology in the U.S. or Canada. Each must have graduated in 
good standing from an approved medical school or hold an advanced 
degree in a physical, chemical, or biological science and be certified 
by the American Board of Radiology, the Royal College of Physicians 
and Surgeons of Canada, or otherwise adequately document training 
and credentials. A member-in-training must be in a radiology resi- 
dency, a postresidency fellowship program, or a postgraduate stu- 
dent in an allied science. Status must be verified by the program 
director. For consideration during the 1986 ARRS meeting, completed 
applications must be received by Dr. Siegelman no later than Feb. 1, 
1986. 


Business Office: George J. O'Hop, controller, American College of 
Radiology, 1891 Preston White Dr., Reston, VA 22091. 


The perfect profile for narrow navigation. 


The New Schwarten’ 
LP Catheter 









How narrow can you get? As narrow as 
the new Schwarten™LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a patient’s 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where you want 
to be during positioning. Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
call toll-free: 800 227-9902. 


Advanced Cardiovascular Systems, Inc. 
1395 Charleston Road 
Mountain View, CA 94039 


415 965-7360 
Where Innevation continues. Toll free: 800 227-9902 


ACS is a wholly owned subsidiary TWX (Telex Il) 23-289-720 
Lily | of Eli Lilly and Company. 


© 1986 Advanced Cardiovascular Systems, Inc. 









This transverse image of the brain was generated by aGYROSCAN magnetic 
resonance imaging system. It shows hydrocephalic ventricles 
and periventricular plaques characteristic of multiple sclerosis. 
The GYROSCAN is currently classified as an investigational device. 





“PEOPLE ONLY 
SIAS IN 
THEY ARE 


PREP, 
TO SEE” 


Ralph Waldo Emerson. 1863. 








Medical technology is moving forward on many fronts, and Philips continues 
to be a prime mover. Innovation has marked our contributions to vascular and car- 
diovascular imaging. Radiography and fluoroscopy. CT scanning. Ultrasonic and 
magnetic resonance imaging. And radiation therapy. In every field, the changing 
needs of the medical community and the growing pressures of cost containment 
provide the focus for our worldwide research efforts. The result has been clinical sys- 
tems that assure physicians of optimum diagnosis and ultimately, improved health- 
care to all. Philips Medical Systems, Inc. Shelton, Connecticut 06454. 
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PUCK Angiographic Filmchanger Systems 
THE PUCK ADVANTAGE— durability... reliability 


PUCK UD4...position-independent sheet-fi 
e UNMATCHED HISTORY ¢ 
of reliability and SA 
performance 


At 
r 3 





e RECOGNIZED 
DURABILITY 
means many years of 
useful life...lower cost 
per examination... 
economy 


e DEDICATED SYSTEMS 
for optimized film 
transport in all 
positions 


e POSITIVE FILM 
SEPARATION 
through spacers 
in loading magazine 
virtually prevents 
film-sticking and 
double film-feeding 


e ADEQUATE 
EXPOSURE TIME 
for magnification 
technique at 4 exp/sec 
(2 exp/sec in alternate 
biplane) 


e SYNCHRONIZED 
BIPLANE OPERATION 
for simultaneous or alternate 
exposures. Two PUCK U4's... 
or one PUCK UD4 plus 
one PUCK U4... 
or two PUCK UD4’s. 


olid construction 





ngers 
SEP U1...computerized 


program control for 


4 exposures/second PUCK filmchangers 
2 exp/sec in each plane 
4 exposures/second 


in alternate biplane ope 
2 exp/sec in each plane 


in alternate biplane operation 
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eral projections VERSATILE. ..RESPONSIVE. ..PROGRAMMABLE 
SEP U1 Computerized Program Control allows complex exam- 
4 exposu res/second inations to be conducted conveniently and accurately by utilizing 
2 exp/sec in each plane microprocessor technology. 
__ in alternate biplane O eration Nineteen user-designed examination programs can be stored in 
ees es ws Bees. | eee memory and displayed on SEP’s screen in real-time, second- 









Seu = by-second. Programs can be temporarily altered, permanently 


revised, or replaced. Up to 3 PUCKS can be controlled by one 
SEP U1 in single-plane or biplane operation. Interfaces with other 
system components, e.g., injector, moving table-top, ECG 
triggering device. 

Model SEP M1 is available for those single-plane applications 
where film rates greater than 3 exp/sec are not required. 


Elema-Schonander, Inc. 
2360 North Palmer Drive 
P.O. Box 94517 
Schaumburg, IL 60195 
elema-schonander Telephone (312) 397-5900 


There are reasons 


SS. XRAY ACCESSORIES 


are preferred... 
PROVEN ihrousnout ine wont "e"s 
UNEQUALLED in design, construction and—quality 
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© Motorized Viewers 

è illuminators 

e Transfer Cabinets 
File Cabinets 

e Protective Panels 

e Protective Aprons 

e Wall Cassette Holders 

e Dryers 

© Safelights 

e Dark Room Cabinets 

e Storage Chests 

e Loading Bins 

e X-Ray Accessories 


















For more than 30 years, S. & S. has been meeting 
Radiologists needs with a complete line of 
illuminators and accessories. 

Contact S. & S. or your local x-ray dealer for 
additional! information. 









MANUFACTURED BY 
S. & S. X-RAY PRODUCTS INC. 
The Complete Line of 


X-Ray Accessories 
(800)221-6634 
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Telephone: (212) 852-6900 
87-93 JAY STREET, BROOKLYN, N.Y. 11201 








Now up to 60% less A 
patient exposure with p 
optimal diagnostic detail 


EG USAT aTM OFF 





Reduce radiation up to 6l 
Use the Du Pont Pediatric Radiography System — 


Radiation exposure is reduced — 
first with the OPTIMATCH film/ 
screen combination ... then with 
cassettes of KEVLAR aramid fiber 
— a total reduction of up to 60% 
at 50kVp! Below 70kVp, conven- 
tional Rare Earth Screens undergo a 
marked falloff in light output. But not 
QUANTA Detail and QUANTA Fast 
Detail Screens. Their patented, high 
density, yttrium tantalate phosphor is 
25% more efficient at low kVp levels, 


commonly used for neonatal imaging. 


And this light is in the UV spectrum 
that optimally matches the sensitivity 
of CRONEX?® films — providing 
higher detail imaging. That’s why we 
call it OPTIMATCH. 

At low kVp levels, conventional 
cassettes actually “steal” radiation 
(absorbing over a third of the rays so 
they never reach the film) while the 
Du Pont cassettes of KEVLAR are so 
radiation “transparent” that they al- 
low 87% of the rays through, permit- 
ting much shorter exposures. 








— Gain maximum detail 


MATCH film/screens plus cassettes of KEVLAR’ 


asult: more than twice the mo- 
on-stopping speed with optimal 
agnostic detail. 

ven compared to most 400-speed 
‘stems, the Du Pont Pediatric Radi- 
jraphy System allows shorter ex- 
ysures, while producing measurably 
iarper diagnostic images. Because 
u can use less than half the ex- 
sure time of competitive 250- 
reed film/screen systems, you re- 
ice repeats due to patient motion. 
awer “blurrographs!” 


aU PUNT 
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Arrange for a demonstration of this 
extraordinary reduced radiation system 
today... 

Call 800/527-2601 or 

send in the coupon now. 


Du Pont Company 
Room G-50358 
Wilmington, DE 19898 


Please contact me to arrange a demonstration of the 
Du Pont Pediatric Radiography System. 


NAME 
TITLE 
HOSPITAL 


ADDRESS 
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CITY STATE ZIP 





Reduce exposure up to 60% 
with the Du Pont Pediatric 
Radiography System 


OPTIMATCH film/screens 
Plus 
cassettes of KEVLAR® 


|] Twice the motion-stopping speed 
L] Highest diagnostic detail 
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Squibb Diagnostics 
has improved contrast media 
where the need for 
improvement was greatest. 


Patient tolerance. 
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New for peripheral arteriograp 





| Squibb Diagnostics introduces 


ISOVOE 200 


lopamidol injection ól» 


Nonionic contrast media that causes less 
pain than a leading ionic agent. 


With Isovue, patients found 
procedures less painful; physicians 
saw fewer signs of distress 


lsovue-300 is low in osmolality— 616 mOsm/kg water. 
Using a visual analog scale, patients undergoing 
peripheral arteriography ranked their pain from “no 
pain” to “the worst pain | ever had: On a linear scale 
from zero to 12.4 cm, the mean pain rating for 99 
patients given a total of 155 injections of Isovue-300 
was 2.3 cm compared with 6.3 cm for 97 patients 
given a total of 144 injections of the ionic agent dia- 
trizoate meglumine and diatrizoate sodium 52%/8%. 
By observing signs of distress, such as movement 
and/or vocalization, physicians ranked patient distress 
as being absent, mild, moderate, or severe. When 
lsovue was compared with diatrizoate meglumine and 
diatrizoate sodium 52%/8%, the number of injections 
judged to cause severe distress was 2/299 (1%) com- 










A 
\ 


pared with 23/293 (8%); moderate distress, 13/299 
(4%) compared with 58/293 (20%); mild distress, 
59/299 (20%) compared with 94/293 (32%); and no 
distress, 225/299 (75%) compared with 108/293 
(37%), respectively. 

As with all injectable contrast agents, the possi- 
bility of severe reactions should be borne in mind. 
(See brief summary of prescribing information on the 
last pages of this advertisement for a discussion of 
CONTRAINDICATIONS, WARNINGS, PRECAU- 
TIONS, and ADVERSE REACTIONS.) 





Nonionic. Low in osmolality. 
Also for cerebral and 
selective visceral arteriography; 
aortography; intravenous CECT 
head and body imaging. 


SQUIBB" 
Diagnostics 
For brief summary of prescribing information, 
see last pages of this advertisement. 
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ISOVUE” -300 
lopamidol Injection 61% 
ISOVUE”-370 
lopamidol Injection 76% 


DESCRIPTION—ISOVUE (iopamidol injection) is a nonionic radiopaque contrast me- 
dia for diagnostic use. The formulations are stable, aqueous, sterile, and nonpyrogenic 
solutions for intravascular administration. Each mL of ISOVUE-300 (iopamidol injec- 
tion 61%) provides 612 mg iopamidol with 1 mg tromethamine and 0.39 mg edetate 
calcium disodium. The solution contains approximately 0.037 mg (0.002 mEq) so- 
dium and 300 mg organically bound iodine per mL. Each mL of ISOVUE-370 (iopamidol 
injection 76%) provides 755 mg iopamidol with 1 mg tromethamine and 0.48 mg edetate 
calcium disodium. The solution contains approximately 0.046 mg (0.002 mEq) so- 
dium and 370 mg organically bound iodine per mL. The pH has been adjusted to 6.5 to 
7.5 with hydrochloric acid. 


CONTRAINDICATIONS—None. 


WARNINGS—Use caution in patients with severely impaired renal function, combined 
renal and hepatic disease, or anuria, particularly when larger doses are administered. 
Radiopaque diagnostic contrast agents are potentially hazardous in patients with mul- 
tiple myeloma or other paraproteinemia, particularly in those with therapeutically re- 
sistant anuria. It has been speculated that the combination of the contrast agent and 
dehydration may be causative of anuria in myelomatous patients. This risk is not a 
contraindication; however, special precautions are required. Contrast media may pro- 
mote sickling in individuals who are homozygous for sickle cell disease when injected 
intravenously or intraarterially. Administration to patients known or suspected of hav- 
ing pheochromocytoma should be performed with extreme caution. If the possible 
benefits outweigh the considered risks, the procedures may be performed: however, 
the amount of the medium injected should be kept to an absolute minimum. Assess 
blood pressure throughout the procedure and have measures for treatment of a 
hypertensive crisis available. Monitor such patients very closely. Use caution in pa- 
tients with hyperthyroidism or with an autonomously functioning thyroid nodule be- 
cause of risk of thyroid storm. 

PRECAUTIONS: General—Diagnostic procedures should be carried out under the 
direction of personnel with the prerequisite training and a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available for 
coping with any complication of the procedure, or for emergency treatment of severe 
reaction to the agent itself. After parenteral administration, competent personnel and 
emergency facilities should be available for at least 30 to 60 minutes since severe 
delayed reactions may occur. Preparatory dehydration is dangerous and may con- 
tribute to acute renal failure in susceptible patients. Patients should be well hydrated 
prior to and following administration. Reactions to the medium, including serious, life- 
threatening, fatal, anaphylactoid or cardiovascular reactions, should always be con- 
sidered (see ADVERSE REACTIONS in the product package insert). Patients at 
increased risk include those with a history of a previous reaction to a contrast me- 
dium, a known sensitivity to iodine per se, and a known Clinical hypersensitivity (bron- 
chial asthma, hay fever, and food allergies). Pretesting cannot be relied upon to predict 
severe reactions and may itself be hazardous for the patient. A thorough medical 
history with emphasis on allergy and hypersensitivity prior to the injection of any 
contrast medium may be more predictive and accurate than pretesting. Premedication 
with antihistamines or corticosteroids to avoid or minimize possible allergic reactions 
in such patients should be considered. General anesthesia may be indicated in some 
procedures in selected patients; however, a higher incidence of adverse reactions 
has been reported in anesthetized patients, which may be attributable to the inability 
of the patient to identify untoward symptoms, or to the hypotensive effect of anesthe- 
sia which can reduce cardiac output and increase the duration of exposure to the 
agent. Even though the osmolality is low compared to diatrizoate or iothalamate based 
ionic agents of comparable iodine concentration, the potential transitory increase in 
the circulatory osmotic load in patients with congestive heart failure requires caution 
during injection. Observe these patients for several hours following the procedure. In 
angiographic procedures, be aware of the possibility of dislodging plaques or dam- 
aging or perforating the vessel wall during catheter manipulations and contrast me- 
dium injection. Test injections to ensure proper catheter placement are suggested. 
Perform selective coronary arteriography only in those in whom the expected benefits 
outweigh the procedural risk. The inherent risks of angiocardiography in patients with 
chronic pulmonary emphysema must be weighed against the necessity for perform- 
ing this procedure. Angiography should be avoided whenever possible in patients 
with homocystinuria, because of the risk of inducing thrombosis and embolism. 
Drug Interactions—Renal toxicity has been reported in a few patients with liver dys- 
function who were given oral cholecystographic agents followed by intravascular con- 
trast agents. Administration of intravascular agents should therefore be postponed in 
any patient with a known or suspected hepatic or biliary disorder who has recently 
received a cholecystographic contrast agent. Other drugs should not be admixed 
with iopamidol. 

Drug/Laboratory Test Interactions—PBI and radioactive iodine uptake studies will 
not accurately reflect thyroid function for up to 16 days following administration, how- 
ever T3 resin uptake and total or free thyroxine (T4) assays are not affected. 
Carcinogenesis, Mutagenesis, Impairment of Fertility—In animal reproduction stud- 
ies performed on rats, intravenously administered iopamidol did not induce adverse 
effects on fertility or general reproductive performance. In studies to determine muta- 
genic activity, iopamidol did not cause any increase in mutation rates. 

Pregnancy Category B—No teratogenic effects attributable to iopamidol have been 
observed in teratology studies performed in animals. There are, however, no ade- 
quate and well controlled studies in pregnant women. It is not known whether iopamidol 
crosses the placental barrier or reaches fetal tissues. Because animal studies are not 
always predictive of human response, this drug should be used during pregnancy 
only if clearly needed. Radiologic procedures involve a certain risk related to the 
exposure of the fetus to ionizing radiation. 

Labor and Delivery—It is not known whether use during labor or delivery has immedi- 
ate or delayed adverse effects on the labor, the delivery or the newborn. 

Nursing Mothers—It is not known whether iopamidol is excreted in human milk. Use 
caution when contrast media are administered to nursing women because of poten- 
tial adverse reactions; consideration should be given to temporarily discontinuing 
nursing. 

Pediatric Use—Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS—Usually mild to moderate, self-limited and transient. In angio- 
cardiography (597 patients), the adverse reactions with an estimated incidence of one 
percent or higher are: hot flashes 3.4%; angina pectoris 3.0%: flushing 1.8%; brady- 
cardia 1.3%; hypotension 1.0%; hives 1.0%. Intravascular injection is frequently associ- 
ated with the sensation of warmth and pain, especially in peripheral arteriography; pain 
and warmth are less frequent and less severe with ISOVUE (iopamidol injection) than 
with diatrizoate meglumine and diatrizoate sodium injection. The following table of 
incidence of reactions is based on clinical studies with ISOVUE in about 1760 patients. 


Adverse Reactions 
Estimated Overall Incidence 


System 1% < 1% 

Cardiovascular none tachycardia 
hypotension 
hypertension 


myocardial ischemia 
circulatory collapse 
S-T segment depression 
bigeminy 
extrasystoles 
ventricular fibrillation 
angina pectoris 
bradycardia 
transient ischemic attack 
thrombophlebitis 

Nervous pain (2.2%) vasovagal reaction 

burning sensation (1.4%) tingling in arms 

grimace 
faintness 

nausea (1.2%) vomiting 

anorexia 

throat constriction 

dyspnea 

pulmonary edema 

Skin and Appendages none rash 

urticaria 

pruritus 

flushing 

headache 

fever 

chills 

excessive sweating 

back spasm 

taste alterations 

warmth in throat/arms/chest 

nasal congestion 

visuakdisturbances 

urinapy retention 


Digestive 


Respiratory none 


Body as a Whole hot flashes (1.5%) 


Special Senses none 


Urogenital none 


Regardless of the agent employed, overall estimated incidence of serious adverse 
reactions is higher with coronary arteriography than with other procedures. Cardiac 
decompensation, serious arrhythmias, or myocardial ischemia or infarction may oc- 
cur during coronary arteriography and left ventriculography. Following coronary and 
ventricular injections, certain electrocardiographic changes (increased QTc, increased 
R-R, T-wave amplitude) and certain hemodynamic changes (decreased systolic pres- 
sure) occurred less frequently with ISOVUE (iopamidol injection) than with diatrizoate 
meglumine and diatrizoate sodium injection; increased LVEDP occurred less frequently 
after ventricular iopamidol injections. In aortography, the risks of procedures also 
include injury to the aorta and neighboring organs, pleural puncture, renal damage 
including infarction and acute tubular necrosis with oliguria and anuria, accidental 
selective filling of the right renal artery during the translumbar procedure in the pres- 
ence of preexisting renal disease, retroperitoneal hemorrhage from the translumbar 
approach, and spinal cord injury and pathology associated with the syndrome of 
transverse myelitis. Adverse effects reported in literature include arrhythmia, arterial 
spasms, hematuria, periorbital edema, involuntary leg movement, malaise, and 
triggering of deglutition; some of these may be procedural. Other reactions due to 
procedural hazards include hemorrhage or pseudoaneurysms at the puncture site, 
brachial plexus palsy following axillary artery injections, chest pain, myocardial 
infarction, and transient changes in hepatorenal chemistry tests; and rarely arterial 
thrombosis, displacement of arterial plaques, venous thrombosis, dissection of the 
coronary vessels and transient sinus arrest. 

General Adverse Reactions To Contrast Media—Reactions known to occur with par- 
enteral administration of iodinated ionic contrast agents (see the listing below) are 
possible with any nonionic agent. Life-threatening reactions.and fatalities, mostly of 
cardiovascular origin, have occurred. Reported incidences of death from the admin- 
istration of other iodinated contrast media range from 6.6 per 1 million (0.00066%) to 1 
in 10,000 patients (0.01%). Foreign experience in approx. 2.4 million patients receiv- 
ing iopamidol suggest a lower risk of mortality. Most deaths occur during injection or 
5 to 10 minutes later, the main feature being cardiac arrest with cardiovascular dis- 
ease as the main aggravating factor with isolated reports of hypotensive collapse and 
shock (est. 0.005%). Experience with iopamidol suggests there is much less discom- 
fort (e.g., pain and/or warmth) with peripheral arteriography. Fewer changes are noted 
in ventricular function after ventriculography and coronary arteriography. The reported 
incidence of adverse reactions to contrast media in patients with a history of allergy is 
twice that for the general population; patients with a history of previous reactions to a 
contrast medium are three times more susceptible. Most reactions to intravascular 
contrast agents appear within 1-3 minutes after the start of injection, but delayed 
reactions may occur (see PRECAUTIONS, General). Adverse reactions reported with 
other intravascular contrast agents and theoretically possible with iopamidol include: 
Cardiovascular: vasodilation, cerebral hematomas, petechiae; Nervous: paresthesia, 
dizziness, convulsions, paralysis, coma: Respiratory: increased cough, asthma, la- 
ryngeal edema, pulmonary edema, bronchospasm, rhinitis: Skin and Appendages: 
injection site pain usually due to extravasation and/or erythematous swelling, skin 
necrosis; Urogenital: osmotic nephrosis of proximal tubular cells, renal failure, pain; 
Special Senses: bilateral ocular irritation: lacrimation; conjunctival chemosis, infec- 
tion, and conjunctivitis; Other: neutropenia, thrombophlebitis, flushing, pallor, weak- 
ness, severe retching and choking, wheezing, cramps, tremors, and sneezing. 
OVERDOSAGE-—Treatment is directed toward the support of all vital functions, and 
prompt institution of symptomatic therapy. 

HOW SUPPLIED—ISOVUE-300 (iopamidol injection 61%) and [SOVUE-370 (iopamidol 
injection 76%) in cartons of ten 50 mL single dose vials, and ten 100 mL single dose 
vials. ISOVUE-370 is also available in cartons of ten 200 mL single dose vials. 

For full prescribing information consult package insert. (J3-652B) 


Under license from Bracco Industria Chimica S.p.A. U.S. Patent #4,001,323 


€ 1986 E.R. Squibb & Sons, Inc., Princeton, NJ08540 645-504 Issued: February 1986 
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SIEMENS 





The compact, sophisticated X-ray system 
that shrinks space requirements—and the 
cost of construction or renovation. 








With building costs reaching 
$120 per square foot, 
consider the Space Saver. 


When you combine the MULTIX® radiographic table 
with the POLYPHOS® 30 X-ray generator, there's no 
stand-alone high tension transformer. No electronics 
cabinet. And no high tension cable runs to take up 
valuable space. Because this system consolidates all 








With Space Saver 
efficieacy two X-ray 
rooms Can now occupy 
the space of one. 
y- Kes functions within the table and generator, you can 
y See reduce the size of your new X-ray room by nearly one- 
3 half...a big savings at today’s prices. 


And with only two units to install, with all electrical 
interconnections via plug-in cables, and with generator 
operation from a standard single phase 220V power 
supply, you can also save money and time on installation. 


Consider, too, that the POLYPHOS is not an ordinary 
single-phase generator. It’s a high-frequency generator 
that delivers outstanding image quality with minimal 
dose. It actually achieves three-phase radiation quality 
from a single-phase power supply. Result: 60% more 
useful radiation and a corresponding 40% reduction in 
exposure time—which means sharper films. And it’s 
so dependable, we back it with a full replacement 

1 year tube warranty. 


Space. Time. Cost. Quality. Major factors in planning a 
radiographic room. All optimized by the Space Saver 
system. Want the details of how it will work for you? 
Contact your local Siemens representative or: 








Siemens Medical In Canada: 

Systems, Inc. Siemens Electric Ltd. 

186 Wood Avenue South 1180 Courtney Park Drive 
Iselin, NJ 08830 Mississauga, Ontario L5T 1P2 
Siemens... 
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“The carotid repair seemed succe 
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But just to make sure, we checked 


Neurosurgeons Speak Out 


About the IDIS System 


The operation seems successful. 
But you want to be sure. You want 
proof before closing. Now you can 
have it. Immediately. With IDIS: the 
compact, mobile system for intra- 
operative Digital Subtraction 
Angiography. 





CEES = 
a ty 


“Safe, Fast Monitoring of 


Neurovascular Procedures” 


“As a result of having digital 
angiography with IDIS,” says Charles 
J. Hodge, Professor of Neurosurgery 
at New York’s Upstate Medical 
Center, “we have redone several 





with IDIS.” 


arteriotomy repairs and reposi- 
tioned some aneurysm clips which 
had appeared technically adequate 
prior to DSA.” 

At the Upstate Medical Center, 
IDIS has spared patients from the 
trauma of repeat operations. While 
saving time and money for the 
Neurological Department. 


“Particularly helpful for 


carotid repair, endarte- 


rectomy and aneurysms” 


According to Dr. Hodge, IDIS is 
“particularly helpful in determining 
the adequacy of carotid repair 
following endarterectomy and the 
obliteration of cranial aneurysms 
with preservation of surrounding 
vascular structures.” 

Dr. Edwin Cacayorin, Chief of 
Neurosurgery Section of the Upstate 
Medical Center, adds, “The value of 
IDIS stems from its great versatility, 
high image quality, low cost and 
user-friendly operation. IDIS allows 
any radiographic room containing a 
standard image intensifier to 
become digitally capable. Coupled 
with a mobile C-arm, IDIS performs 
quickly and unobtrusively.” 





Intra-operative DSA. It’s a 
reality with IDIS 


Intra-operative DSA with IDIS 
gives you immediate feedback. It 
cuts film costs as well as reducing 
the need for repeat operations. 

For more information on how 
IDIS can benefit your department, 
write Quantel at 3290 West 
Bayshore Road, Palo Alto, CA 94303 
or call (415) 856-6226. 








Announcing 


LOrap’ M-II 


The Dedicated Mammography System 
with Clean Power 


New versatility for every diagnostic need. 


BUILT-IN COLLIMATOR WITH 
LIGHT FIELD INDICATOR 
Continuously adjustable dial 
control 

5 blades permit D-shape beem 
limitation for contact work 

Beam may be reduced to area of 
concern for magnification mode 


CONTACT FILM-SCREEN MODE 
Fullidreast compression device 
prowides superior imaging 
Moror-driven compression with 
foorswitch operation and manual 
over-ride 


e Operator-controlled instant release 
e Film-screen cassette with holder 


XERORADIOGRAPHIC 
ALTERNATIVE 

Cassette and special compres 
sion device available for Xero- 
radiography 


BUCKY OSCILLATING GRID 
MODE 

LOrad M-II unit accepts Bucky 
oscillating grid 

Stauonary grids may also be 
selected 

Side-loading cassette capability 
speeds successive Exposures 


MAGNIFICATION MODE 
1.5% magnification elimina ed 


70% of equivocal readings, accord- 


ingto a recent study 

Complete magnification assembly 
quickly attaches to unit 

Special 4-inch plate compresses 
are. of concern 


BI@PSY LOCALIZATION MODE 
Special compression device is 
perforated for biopsy need e 
Side-loading cassette allows tech- 
nologist to maintain posiuic ning 
ane. compression during film 
changes 





















NEW MICROFOCUS X-RAY 
TUBE WITH ROTATING 
MOLYBDENUM TARGET 
e New LOrad M-II tube has dual 
microfocal spots of .1 and .4 mm 
The small focal spot is generally 
agreed to be essential for 
magnification radiography. 
e New tube has been especially 
configured to match LOrad’s clean 
power input and to generate an 
efficient spectrum of X-Ray output. 





PATIENT FRIENDLY 
e Designed by « 
woman, LOrad M-II's 
non-aggressive, up- 
holstered appearance 
and warm feminine 
colors present a 
friendly personality 
Operating procedures were 
designed to be reassuring to 
patients, and have been clinically 
tested by women technologists 
=| =" OPERATOR 
mn a FRIENDLY 
e LOrad M-II'’s fingertip 
controls permit easy 
positioning of the unit 
- | e The tube rotates 105° 
“i in each direction. 
Positive stops quickly 
position LOrad M-II for cranio- 
caudal, oblique, or lateral shots 
e Ease and speed of operation 
permits faster patient thruput, 
shorter payback time, and cost 
containment 


SOLID STATE PHOTOTIMING 

e Asa standard feature, automatic 
exposure control helps insure 
consistent results. 


For more information, write 
or phone: 


LORAD" 


LORAD Medical Systems, Inc. 
98 Mill Plain Road 
Danbury CT 00811 

Telephone (203) 798-1127 


UNIT MOBILITY 


e LOrad M-II is a freestanding unit, and may be plugged 
into any 115 V power source in a radiology facility. 

è Large wheels permit mobility when desired. Unit may 
be specially equipped for use in mobile vans 








Efficient bowel evacuants — 
for diagnostic 
procedures 
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Excellent visualization ...fewer retakes 


E 95% efficacy proven with X-PREP* 
Liquid in 749 patients prepared for Contains two SENOKOT-S® Tablets 


Snemna 
diagnostic procedures such as (standardized senna concentrate 
barium enemas and IVPs* and docusate sodium), one bottle 
Of X-PREP Liquid 2% fl. OZ. (74 ml), 
E Effective for colonoscopy and one RECTOLAX® Suppository 
sigmoidoscopy* (bisacody!l 10 mo), plus easy-to- 


follow instructions. 


272 fl. OZ. (74 ml) (Standardized 


extract of senna fruit) Contains one pack CITRALAX 

Granules 1.06 oz. (effervescent 
*Data on file, Medical Department, citrate/sulfate of magnesia), one 
[he Purdue Frederick Company 


bottle of X-PREP Liquid 2% fl. oz. 
(74 ml), one RECTOLAX Suppository 
plus easy-to-follow instructions. © 1984, Gray Pharmaceutical Co PFR-081/8 


Gray Pharmaceutical Co., Affiliate 
The Purdue Frederick Company 
Norwalk, CT 06856 
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The Metaphyseal Lesion in 
Abused Infants: A Radiologic- 
Histopathologic Study 





The metaphyseal lesions in abused infants have highly distinctive radiologic charac- 
teristics. The so-called “bucket-handle” and “corner” fractures often form the basis for 
the diagnosis of abuse. However, despite the great familiarity with the radiologic 
appearances, no systematic histopathologic study of the metaphyseal lesions in abused 
infants has been carried out. An in-depth study of pre- and postmortem radiologic 
features combined with histologic analyses of the metaphyses from a group of four 
abused infants provides new insights into the nature of these peculiar lesions. The basic 
histologic alteration is a subepiphyseal planar series of microfractures through the most 
immature portion of metaphyseal bone. This fracture results in the isolation of a 
mineralized disc or portion of a disc that is identifiable radiographically. Depending 
upon the size of the injury, the degree of involvement of the periphery of the bone, and 
the radiographic projection, a bucket-handle lesion, corner fracture, or metaphyseal 
lucency will result. In some cases, the radiographs may be normal even though there is 
significant histologic alteration. Although cartilaginous injuries may play a role in infant 
abuse, none of the specimens examined in this study evidenced injury through the 
germinal layers of cartilage. On the basis of the findings described here, it is recom- 
mended that postmortem analysis of all radiographically suspicious metaphyses be 
carried out in cases of suspected infant homicide. If there are other clinical or pathologic 
indications to support abuse, a strong argument can be made for removal of radiologi- 
cally normal but high-risk metaphyses. instituting these procedures will require closer 
cooperation between the radiologist and the medical examiner, but the potential for 
reducing the number of infant homicides demands this enlightened approach. 


In 1946, John Caffey described long bone injuries in association with subdural 
hematomas [1]. The metaphyseal lesions that he described have been recorded in 
numerous publications and are virtually diagnostic of infant abuse. Although abused 
infants are commonly radiographed at postmortem examination, there has been 
no systematic study of the metaphyseal histopathology in these cases. According 
to Caffey, “Much of both the morbid anatomy and causal mechanisms can be 
inferred from the radiographic changes” [2]. On the basis of radiologic findings, 
Caffey proposed that stripping of the periosteum was instrumental to the production 
of metaphyseal lesions in abused infants. Caffey believed these injuries occurred 
as a consequence of the firm anchoring of periosteum within the epiphyseal 
cartilage. According to Caffey, “After the application of injuring force to the bone, 
it is transmitted to these terminal levels of tightest attachment; where the injuring 
force is sufficiently strong, bits of cartilage and bone are torn off and displayed in 
a variety of patterns” [2]. Caffey also asserted that when a “small chunk” of bone 
is pulled from the margin of the metaphysis, it projects as a discrete metaphyseal! 
fragment. This pattern is frequently referred to as a “corner fracture.” When a 
larger arc of bone is torn from the zone of provisional calcification and tipped into 
an oblique plane, a “bucket-handle” appearance results. Thus, according to Caffey, 
the metaphyseal infractions noted in young infants are a consequence of an avulsion 
of peripheral metaphyseal fragments of variable size at the site of attachment of 
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the periosteum. This view has been widely accepted, and the 
Classic diagram in which Caffey’s findings are depicted has 
been repeatedly reproduced in journals and textbooks [2-7]. 
To determine whether the inferences that have been drawn 
from the radiologic findings in abused infants are accurate, 
this radiologic- histopathologic study was undertaken. 


Materials and Methods 


Four abused infants from 6 weeks to 5 months old were studied 
radiographically soon after the time of injury and at autopsy. The 
diagnosis of abuse was based on history, clinical findings, typical 
skeletal lesions, determination by social service agencies, and char- 
acteristic patterns of intracranial hemorrhage, as seen by antemortem 
CT and by pathologic examination at autopsy. A normal 6-month-old 
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Fig. 1.—Distal right tibia of 3-month-old abused infant with comparable section from normal infant. A, 
Photomicrograph of right distal tibial epiphyseal plate (E) and metaphysis. Note that the subepiphyseal 
zone (arrowheads) differs from the remainder of the metaphysis, as evidenced by fewer nucleated cells 
and a paucity of trabeculae (T). Hematoxylin and eosin (H and E), x160. B, Photomicrograph of another 
region of same section as A. Trabecular (T) disruption and discontinuity are even more striking. C, 
Photomicrograph of tibial metaphysis of 3-month-old child with no history of abuse. Note continuity of 
metaphyseal trabeculae with chondrocyte columns of epiphyseal plate (E) and cellularity of subepiphyseal 
zone (arrowheads). H and E, x160. D, Subepiphyseal zone of same bone as A and B reveals numerous 
osteoclasts (arrows) and a subepiphyseal zone (arrowhead) containing loose fibrous connective tissue 
with little bone and few trabeculae. H and E, x560. 


infant who died of accidental asphyxiation served as a control. 
Complete radiographic skeletal surveys were obtained with identical 
protocols. Frontal projections of the individual extremities, chest, 
pelvis, hands, and feet were obtained. Additionally, anteroposterior 
and lateral skull films and lateral views of the entire spine were 
performed. In addition to six abnormal metaphyses, which were 
identified radiographically, 10 radiologically normal metaphyses were 
removed for histologic evaluation. They were chosen from the knees, 
ankles, and humeri—sites that were most likely to demonstrate occult 
injury. Blocks of bone were removed in sagittal or coronal planes 
ranging in size from one-fourth to one-half of the metaphyseal, 
physeal, and epiphyseal volumes. Specimens were radiographed 
using a high-resolution mammography film-screen system. Speci- 
mens were decalcified, sectioned, and stained with hematoxylin and 
eosin, Masson's trichrome method, Mallory’s phasphotungstic acid 
hematoxylin method, and Gomori's method for iron. An additional 
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Fig. 2.—A, Section of left distal tibia of same 
patient as Fig. 1. Stained with Masson's trichrome 
for connective tissue. Calcified carilage stains dark 
blue and bone matrix dark red. in fracture zone, 
calcified cartilage columns are thin with minimal 
bone matmx. Deeper in the metaphysis, trabeculae 
(t) are thicker and consist of a core of calcified 
cartilage surrounded by bone matrix (arrows). E = 
epiphyseal plate. Masson's trichrome, x160. B, 
Normal tibia of same infant as 1C, stained for 
connective tissue. Compare cellularity and trabe- 
cular patterns of subepiphyseal zone with A. Mas- 
son's trichrome, x160 


group of radiographs from 25 abused infants ranging from 1 to 12 
months old was reviewed. Images were selected that correlated with 
those noted in the infants who were studied pathologically. 


Results 
Histologic Alterations 


Histologic abnormalities were identified in all six specimens 
with correspondingly abnormal antemortem radiographs. In 
addition, two metaphyses that evidenced no antemortem 
radiologic abnormalities showed histologic alterations. 

The basic histologic lesion is a subepiphyseal planar series 
of microfractures through the most immature portion of me- 
taphyseal bone. A typical healing lesion involving the distal 
tibia is illustrated in Figure 1. The fracture is seen as a 
disruption of the delicate primary spongiosa and calcified 
cartilage cores that traverse this region. As a result, the 
cellularity and trabecular density in the subepiphyseal zone is 
reduced (Figs. 1A and 1B). Compare these features at the 
fracture site with those of an untraumatized bone in a 3- 
month-old infant (Fig. 1C). At higher magnification, evidence 
of remodeling is seen as scalloped bone surfaces and numer- 
ous osteoclasts (Fig. 1D). In the contralateral tibia (Fig. 2A) 
and accompanying normal section (Fig. 2B), the presence and 
amount of calcified cartilage in this region can be appreciated 
with Masson’s trichrome stain. Note that the relative amount 
of calcified cartilage (bright blue) decreases and bone (bright 
red) increases on trabeculae as they are followed toward the 
diaphysis. The fracture plane is through the most immature 
portion of metaphyseal trabeculae, and thus the fracture 
fragment encompasses two contiguous mineralized regions: 
the zone of calcified cartilage in the epiphyseal plate and a 
thin subepiphyseal zone of primary spongiosa within the 
metaphysis. A similar pattern of trabecular injury is noted in 
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the right humerus of the same infant (Fig. 3). The left humerus 
evidenced a milder degree of injury. None of the specimens 
with microscopic changes showed gross alterations, and thus 
the absence of macroscopic hemorrhage in no way e»cludes 
significant skeletal injury. 

When the plane of injury extends to the periphery of the 
bone, a characteristic histologic pattern is evident. As this 
disruption of the trabeculae of the primary spongiosa zontin- 
ues laterally, it tends to undermine and isolate a peripheral 
fragment of bone encompassing the periosteal collar (~ig. 4). 
The resultant mineralized peripheral fragment is substantially 
thicker than the central fragment. A similar pattern in the ulna 
is shown in Figure 5. A faint band in the subepiphyseal 
trabeculae is evident macroscopically (Fig. 5A). Histolcgically, 
this region is revealed as a distinct fracture plane that extends 
peripherally to undermine the periosteal collar (Fig. 5B). This 
results in separation from the metaphysis of a mineralized 
mass consisting of a thin disk centrally and a thicker pesipheral 
margin. Evidence of skeletal remodeling is present, incicating 
the chronicity of this process. These subtle alterations are 
contrasted to the normal architecture of the peripheral aspect 
of the epiphyseal-metaphyseal region and surrounding derios- 
teal collar (Fig. 5C). 


Radiologic Alterations 


An examination of the radiologic features in the infants 
coming to autopsy, as well as other selected abused patients, 
reveals a close correlation with the histologic abnormalities 
encountered. As the fundamental histologic lesion ir these 
cases is a transmetaphyseal disruption of the primar, spon- 
giosa, an analysis of the radiographic features must be con- 
sistent with this histologic pattern of injury. 

The most subtle indication of injury is a lucency within the 
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Fig. 3.—Section of right proximal humerus of a 3-month-old abused infant. 
Note paucity of cells and trabecular amputation. Lesser changes (not shown) 
were present in left humerus. 


Subphyseal region of the metaphysis. This lucency lies im- 
mediately adjacent to the linear density abutting the radiolu- 
cent epiphyseal plate. This dense region, generally assumed 
to represent the zone of provisional calcification, also includes 
a minute thickness of the metaphysis, which remains attached 
to the physis. The radiolucent zone represents the plane of 
disruption in the primary spongiosa. This lucency may be 
vague with indistinct margins (Fig. 6) or may appear as a 
discrete and sharply defined radiolucent band (Fig. 7). The 
lucency may be apparent in one projection and invisible in 
another. Its appearance is likely influenced by the severity of 
the bony injury, the degree of displacement of the fragments, 
and the chronicity of the process. If there is insufficient 
trabecular disruption to produce significant differences in 
bone density, the radiographs may be normal. Histologic 
evaluation may nevertheless reveal impressive abnormalities. 

These ill-defined metaphyseal lucencies are indistinguish- 
able from those noted in chronically stressed patients or in 
patients with underlying malignancies, particularly leukemia. 


> 
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Fig. 4.—Lateral aspect of distal right femur of 5-month-old abused infant. A 
plane of disrupted and bent trabeculae extends across metaphysis (+). As plane 
of cleavage extends peripherally, it undermines periosteal collar (P). This results 
in a separate mineralized fragment that is thin centrally with a larger peripheral 
component. H and E, x 160. Compare with corresponding pre- and postmortem 
radiographs (Fig. 7). 


However, the lucencies noted with these latter conditions are 
usually symmetric, are often associated with diffuse demin- 
eralization, and are not accompanied by other bony alterations 
Suggesting abuse [8, 9]. 

If a planar fracture through the primary spongiosa is pre- 
sumed, then a model of the resultant fragment can be con- 
structed (Fig. 8). The actual fragment will be composed of the 
epiphysis, the physis, and a thin layer of metaphyseal bone. 
The density visualized radiographically will consist of the zone 
of calcified cartilage (provisional calcification) and a thin layer 
of the primary spongiosa. The peripheral margin of this disk 
will also contain the periosteal collar, a circumferential band 
of subperiosteal bone that extends a variable distance beyond 
the zone of provisional calcification (Fig. 4). Excluding this 
peripheral margin, the remainder of the disklike fragment will 
possess minimal radiodensity. Because this peripheral margin 
of bone produces the corner fracture and bucket-handle 
configurations, pediatric radiologists have erroneously con- 
cluded that this lesion involves only a peripheral rim of bone 
rather than a plane of injury across the metaphysis. 

The radiographic projection will influence the appearance 
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Fig. 5.—Distal left ulna of 5-month-old abused infant (A and B) and compa- 
rable regien from normal infant (C). At low magnification (A), a faint metaphyseal 
separatiom can be seen (arrow). At intermediate magnification (B), plane of 
separation (+) veers away from epiphysis (E) and undermines periosteal collar 


Fig. 6—Right humerus from 3- 
month-old abused infant. Corre- 
spondingshistologic material in Fig. 3. 
Radiograph of resected specimen. 
Note ill-defined lucency in subepiphy- 
seal region of metaphysis. A resultant 
fragment consisting of immature me- 
taphyseai bone and calcified cartitage 
of the physis is produced (arrows). 
Left humerus (not shown) was radio- 
logically normal, but evidenced signif- 
icant histologic alterations. 


of this disklike fragment of metaphysis, and a variety of 
radiologic patterns may be produced. If the metaphysis is 
viewed tangentially, the fragment, as defined by its dense, 
rounded peripheral margin, will be seen as a linear density 
separated from the metapnysis by a radiolucent band. If the 
contour of the metaphysis and the radiographic projection are 





(P). Compare with Fig. 16. C demonstrates intact trabecular architecture and 
periosteal collar (P) at junction of epiphysis (E) and metaphysis (M) in 3-month- 
old normal infant. H and E, x12, x160, x560, x160, respectively. 


appropriate, the margin of this fragment will be viewed end- 
on at the periphery of the bone as a discrete fragment; this 
appearance has been termed the “corner fracture” (Fig. 9). A 
lateral film will often show a similar fracture fragment, which 
indicates that these two apparently separate smail bone 
fragments are in fact portions of the same larger disk of bone, 
which has been separated from the metaphysis (Fig. 10). 
Unequivocal evidence that the corner fracture in these cases 
is an illusion is provided by a view of the physis in oblique, 
rather than tangential, projection. The result is a continuous 
arclike bone density, which is in fact the dense margin of the 
disklike fragment that has been separated from the meta- 
physis (Figs. 8 and 11). Although the disk contains primary 
spongiosa and calcified cartilage across its entire surface, it 
is only the dense peripheral margin of this disk that is visual- 
ized radiographically. This curvilinear bony structure has been 
referred to as the “bucket-handle lesion.” Thus in one projec- 
tion, a lesion may appear as a corner fracture, and in another 
view, a bucket-handle appearance may be noted (Fig 12). 
These fragments will be more conspicuous if the plane of the 
fracture encompasses a larger peripheral fragment of bone 
(Fig. 13). 

A variety of factors can influence the typical radiographic 
appearances. Although most of these lesions extend across 
the entire metaphyseal margin, resulting in a disklike frag- 
ment, incomplete injuries that separate only a portion of the 
disk also occur. The resultant lesion appears as a localized 
radiolucency extending across only a portion of the meta- 


900 KLEINMAN ET AL. 





xe 


DA 


ALIA. 
f- : 


Fig. 8.—Model of metaphyseal lesion. A, Fracture through primary spon- 
giosa produces metaphyseal radiolucency. B, If the resultant fragment is tipped 


or projected at an obliquity to the X-ray beam, a bucket-handie appearance 
results. 


physis (Fig. 14). However, the associated bone fragments will 
continue to demonstrate the characteristic radiologic features. 

The shape of the particular metaphysis involved will also 
influence the radiographic appearance. If the metaphyseal 
margin is either relatively straight or gently curved, as seen in 
the proximal and distal tibia, a planar injury will likely result in 
a continuous fragment of bone being seen as a crescent, or 
bucket-handle, lesion. The biconvex appearance of the distal 
femur is less likely to allow a projection of any resultant 
fragment in its entirety, and the radiographic appearance is 
more likely to be that of a corner fracture. If the knee is flexed, 
however, the corner fracture may appear continuous with a 
larger arc of bone, producing a pattern of a bucket-handle 
lesion (Fig. 15). 





AJR:146, May 1986 


Fig. 7.—Lateral aspect of the distal femur of a 
S-month-old abused infant. Corresponding histo- 
logic material in Fig. 4. A, Radiograph of resected 
specimen demonstrates fairly well defined lucency 
extending through subepiphyseal region of meta- 
physis. Note peripheral extension of subperiosteal 
bone (arrow). Compare with Fig. 4. B, Antemortem 
radiograph reveals subepiphyseal lucency that is 
less distinct than in the postmortem radiograph. 
However, peripheral beaklike subperiosteal exten- 
sion is evident (arrow). 


The age of the lesion and degree of heaiing will influence 
the radiographic features. The presence of bone resorption 
and new bone formation may produce indistinctness of the 
margins of the fragments (Fig. 16). Sclerosis within the pri- 
mary trabeculae will obscure the underlying planar lucency 
representing the site of disruption (Fig. 10B). The size of the 
peripheral fragment of bone may also vary, and on occasion 
a thicker peripheral fragment will dominate the radiographic 
picture (Fig. 13B). If no further injury occurs, the radiolucency 
will become less distinct. As the germinal layers of cartilage 
are preserved, normal endochondral bone formation will con- 
tinue, there will be no growth disturbance, and the radi- 
ographic appearance will return to normal within several 
weeks. However, if the injury is ongoing, continued disruption 
of trabeculae will result in a widening of the zone of radiolu- 
cency as well as disorganization in the metaphyseal trabecular 
architecture. 

As has been shown in the histologic material, periosteal 
disruption does not necessarily accompany the metaphyseal 
injury, and it is common to see no periosteal reaction. When 
periosteal reaction is present with the usual metaphyseal 
lesions, it is generally modest in degree and may simply 
produce a haziness to the adjacent cortical contour. When 
massive periosteal reaction is present, it reflects either dis- 
placement of the metaphyseal fragment or an actual shearing 
injury to the periosteum with elevation and subperiosteal 
bleeding. In these cases the cloak of periosteal reaction will 
be continuous with the bucket-handle lesion at the metaphysis 
(Fig. 13A). With healing, the periosteal new bone becomes 
incorporated within the original cortex, and this may lead to 
a blocking or squaring of the metaphysis. 


Discussion 


Periosteal new bone formation and metaphyseal injuries 
are the principal lesions occurring in the long bones of abused 
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Fig. 9.—Distal left tibia of 3-month-old abused 
infant. Corresponding histologic material appears 
in Fig. 2A. A, Radiograph of resected specimen. 
A corner fracture is noted medially (arrow) in 
addition to a conspicuous metaphyseal lucency. 
B, Antemortem radiograph tangential to metaphy- 
seal margin reveals corner fracture with sugges- 
tion of a radiolucent band. 


Fig 10.—Anteroposterior (A) and lat- 
eral (B) distal femur of 5-month-old 
abused infant. A healing corner fracture 
appearance is noted in both anteropos- 
terior and lateral projections (anows). 
These are not, however, discrete trian- 
gular fragments, but rather the perpheral 
margims of a larger disk viewed tangen- 
tially. Notessclerosis and radiolucency ex- 
tending across entire metaphyseal sur- 
face on lateral projection. 


infants. in infants, the periosteum is loosely attached to the 
cortex awing to the paucity of penetrating fibers of Sharpey; 
consequently, with sufficient traumatic force subperiosteal 
bleeding and elevation of the periosteum occur. This condition 
is eventually manifest as periosteal new bone formation. 
Caffey’s view of a pulling or tearing of bone or cartilage 
implies that the periosteum functions much like a muscular 
attachment, giving rise to an avulsion at its origin or insertion. 
Injuries in these cases are caused by violent muscular con- 
traction or sudden stretch applied to a contracted muscle, 
resulting in disruption of bone at the muscular attachment 
[10]. The periosteum possesses none of these dynamic prop- 
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erties of muscle and reacts only passively to an appliec force. 
Even if sudden separation of the periosteum associated with 
bleeding occurs, it seems doubtful that sufficient stretch could 
be applied to the periosteum to result in avulsion of bone and 
cartilage from the metaphysis. Furthermore, if such petiosteal 
elevation were a prerequisite for metaphyseal injurv, then 
profuse periosteal new bone formation should invariably be 
present in healing lesions. Although periosteal new bone is 
commonly seen with metaphyseal lesions, it is by no means 
a constant finding. Another problem with Caffey’s theory 
relates to the appearance of severe metaphyseal infractions 
in abused patients. This frayed appearance is reminiscent of 
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rickets and congenital syphilis, both processes that affect the 
calcified cartilage and primary spongiosa across the entire 
metaphysis. This appearance would not be expected if only 
the peripheral margin of the metaphysis were injured. 

The histopathologic alterations defined in the present study 
indicate that the basic pattern of bony injury is not circumfer- 
ential but planar. Fragments are not simply avulsed from the 
periphery of the metaphysis, but rather a transmetaphyseal 
disruption of the trabeculae of the primary spongicsa occurs. 
The resultant fragment is a disk of bone and calcified cartilage. 
The bone density in the periphery of this disk is greater 
because there are more bony trabeculae and because there 
is bone laid down beneath the periosteal collar. Variations in 
position, projection, and the size and shape of the peripheral 
margin of the disk will result in the characteristic patterns 
Classically associated with metaphyseal injury. 

The concept of a “corner fracture” denotes a discrete, 
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Fig. 11.—Distal right tibia Œ 3-month-old abused 
infant. Corresponding histologic sections in Fig. 1. A, 
Radiograph postmortem specimen reveals only zone of 
transverse radiolucency in subepiphyseal region (ar- 
rows). B, Antemortem radiograph obtained at slight 
obliquity to metaphyseal surfacesreveals bucket-handle 
lesion (arrows). Periosteal reaction is present along 
distal tibial shaft. An indwelling venous catheter is pres- 
ent. 


Fig. 12.—Antersposterior (A) and lat- 
eral (B) views of the proximal right tibia of 
an abused infant. A*bucket-handle config- 
uration is present ir the frontal projection 
(arrows), and a comer fracture pattern is 
present on the lateal view (arrow). Note 
sclerosis and irregelarity along the meta- 
physeal surface, indicating a healing le- 
sion. 


localized triangular fragment of bone arising at the metaphy- 
seal margin. The term has relevance only to a two-dimensional 
image. In three dimensions, there are nc corners in the 
metaphysis, but rather a continuous round2d or ovoid con- 
tour. The appearance of a discrete fragmen is commonly an 
illusion resulting from an orthograde projection of the dense 
periphery of the disklike metaphyseal fragment. 

Similarly, the bucket-handle pattern is Æ function of the 
radiographic projection. It is analagous to the variations in the 
appearance of the normal physis that are related to the 
projection of the X-ray beam. For example, when the physis 
of the proximal humerus is projected in an orhograde fashion, 
it appears as a discrete radiolucency. If ħe projection is 
at an obliquity to the growth plate, the antermor and posterior 
margins of the growth plate will be projected as separate 
radiolucencies, one lying over the epiphysis, the other pro- 
jecting over the shaft. Similarly, a nonorthocrade view of the 
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Fig. 13.—Oblique (A) and latera (B) views of distal 
tibia əf 5-month-old abused infant. Bucket-handle 
fragment (arrows) and corner fractures (arrow) are all 
portions of a continuous disc of bane. Fracture plane 
undermines a thicker portion of bone peripherally 
accounting for the conspicuous appearances in this 
patient. Nete extensive periosteal new bone forma- 
tion along medial aspect of tibia continuous with 
bucket-hamdle fragment. 





Fig. 14.—Radiologically incomplete lesions are evident in this abused infant. 
Sclerosis is noted about a metaphyseal lucency extending only across medial 
half of distal femur (arrow). A similar incomplete zone of radiolucency with less 
bone production is present in proximal tibia (arrowhead). 
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metaphyseal fragment will project one margin over the me- 
taphysis and the second over the epiphysis, with a resultant 
curvilinear bucket-handle appearance. Although an actual dis- 
placed fragment with “tipping” of the fragment can result in a 
bucket-handle appearance, displacement is not a requirement 
for production of the bucket-handle appearance. In our ex- 
perience, most bucket-handle lesions are not associated with 
displaced fractures, but are in fact a result of a nonorthograde 
radiographic projection. Because a displaced fracture carries 
greater significance in terms of treatment, it is important not 
to assume this form of injury solely on the basis of a bucket- 
handle pattern. 

Silverman has stressed the importance of cartilaginous 
epiphyseal plate injuries in abused infants [11, 12]. Injuries 
involving the cartilaginous growth plate are very common in 
children subjected to a variety of stresses and have been 
produced experimentally in rabbits [13]. Most of the histologic 
material from humans with epiphyseal plate injuries has been 
gathered from patients beyond infancy. Ogden produced 
proximal femoral epiphyseal separations in cadavers of new- 
born infants by sudden compression or traction. In contrast 
to the Salter-Harris type pattern of cartilaginous injury, the 
plane of fracture extended through the primary spongiosa 
[14]. We have produced a similar lesion experimentally in an 
infant pig model, and a formal report of these findings will be 
forthcoming. 

Based on our observations of a consistent injury to the 
primary spongiosa without accompanying cartilaginous dis- 
ruption, it is reasonable to assume that the fundamental lesion 
associated with the commonly observed metaphyseal injuries 
is bony and not cartilaginous. Cartilaginous injuries also occur, 
especially when a massive force is applied with traction, 
compression, or rotation. In such cases, a displaced epiphy- 
seal separation may occur. The resultant growth disturbance 
related to cartilaginous injury and devascularization of the 
epiphysis may produce substantial orthopedic deformity 
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Fig. 16.—Distal ulna of 5-month- 
old infant. Corresponding histopath- 
ologic material is shown in Fig. 5. 
Radiograph of resected specimen 
demonstrates corner fracture pattern 
(arrow). Margins of the fracture site 
are indistinct although a vague area 
of radiolucency with trabecular irreg- 
ularity and sclerosis is appreciable. 





[13]. However, such complications are distinctly unusual in 
association with the commonly described patterns of meta- 
physeal injury in abused infants. Further pathologic studies 
will be necessary to characterize the exact role of Cartilagi- 
nous injury in these lesions. 

These metaphyseal lesions usually occur with violent shak- 
ing as the infant is held by the trunk or extremities [1 5]. Any 
theory to explain these lesions must presuppose this form of 
trauma. The whiplash forces generated by rapid acceleration 
and deceleration are delivered to the metaphysis in a shearing 
fashion, and a plane of fracture through the primary spongiosa 
is developed. The predilection for metaphyseal involvement 
may relate to susceptibility during a period of relative rapid 
growth or perhaps to a characteristic response to the specific 
mechanism of injury occurring in battered infants [16]. Mild 
injury will produce little or no radiologic changes. Moderate 
insults will produce characteristic corner fractures and bucket- 
handle lesions. Repeated assaults may result in metaphyseal 
fraying. Periosteal new bone formation may be present in the 
healing phase but is by no means essential for accurate 
diagnosis. Thickening of the cortex along the metaphyses 
may lead to squaring or blocking of the ends of the bone. In 
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Fig. 15.—Anteroposterior views of distal femur 
of an abused infant. View obtained tangential to the 
metaphysis (A) reveals typical corner fractures (ar- 
rows). View obtained at an obliquity to the meta- 
physis (B) reveals a bucket-handle configuration 
(arrows) Note periosteal reaction along femoral 
shaft. 


the absence of periosteal reaction, a gradual, almost imper- 
ceptible healing across the metaphyseal margins occurs. 

In recent years, a controversy has developed regarding the 
use of radionuclide scintigraphy in the diagnosis of skeletal 
injury caused by abuse [17-21]. Detecting metaphyseal le- 
sions in young infants by this method is difficult, particularly 
when symmetric lesions are present. However, recent studies 
Suggest that, when performed by experienced pediatric radi- 
Ologists in high-volume nuclear medicine departments, scin- 
tigraphy is more sensitive than radiography in detecting these 
abnormalities [17]. Lending at least theoretical support to this 
view, this study indicates that substantial trabecular disrup- 
tion and repair can be present in metaphyses that appear 
normal radiographically. Additional studies correlating radiog- 
raphy and scintigraphy with histopathology should help to 
Clarify this issue. 

It is Curious that a condition that leads to the death of 
thousands of young children each year has prompted so little 
investigation into the nature of virtually pathognomonic bony 
abnormalities. Child abuse has been reported to simulate the 
sudden infant death syndrome, and enhanced surveillance of 
this problem is needed [22-25]. Most centers routinely radi- 
ograph all infants who die without apparent cause. Examina- 
tions must be of a quality comparable to standard antemortem 
skeletal surveys. At autopsy, gross alterations, including hem- 
orrhage, should not be expected when radiologically abnormal 
metaphyses are inspected. The pathologist therefore must 
not abandon further histologic study of such regions. Rather, 
resection of all abnormal and suspicious metaphyses followed 
by high-detail radiography should be performed to document 
the nature, age, and multiplicity of these lesions. In the 
absence of radiologic alterations, a strong argument can be 
made for the histologic study of high-risk metaphyses (proxi- 
mal humeri, knees, and distal tibia). This type of investigation 
should be performed not only on infants whose cause of 
death remains unknown but on all infants shown to have 
pathologic findings suggestive of abuse. These findings in- 
clude craniocerebral injuries such as subdural or epidural 
hematoma, cerebral contusions or lacerations, subarachnoid 
or interventricular hemorrhage, and ocular signs of abuse. 
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Instituting these procedures will require closer cooperation 
between the radiologist and the medical examiner, but the 
possibility of reducing the number of infant homicides de- 
mands this enlightened approach. 
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Overview of MR of the 
Heart— 1986 





Experience in the first few years of using MR for evaluation of cardiovascular disease 
indicates that it can provide information about cardiovascular anatomy, cardiovascular 
function, myocardial tissue characterization, and myocardial metabolism. Only the first 
capability is now being used for clinical diagnosis. MR imaging is evolving as a technique 
for the definitive diagnosis of pericardial disease, paracardiac and intracardiac masses, 
and thoracic aortic disease. It also shows considerable promise for the evaluation of 
congenital and ischemic heart disease and cardiomyopathies. The capabilities of MR 
displayed in animal studies extend beyond anatomic observations. Considerably more 
research and optimism for early progress are justified in the effort to harness its multiple 
capabilities for the evaluation of cardiovascular disease. 


Early experience with MR in medicine has revealed its enormous capability for 
cardiac diagnosis and research [1-15]. While there has been some reservation 
regarding the current value of MR imaging for certain regions of the body, the 
results of MR imaging of the heart justify enthusiasm. The early applicability of MR 
for the study of the central cardiovascular system derives from two fortuitous 
characteristics: intrinsic contrast between the blood pool and cardiovascular struc- 
tures and ease and lack of time penalty for ECG-gated acquisition of MR images. 

MR is a multidimensional tool for cardiac diagnosis and research. For evaluation 
of the heart, MR can provide insight into cardiovascular anatomy, cardiovascular 
function, myocardial tissue characterization, and myocardial metabolism. So far, 
the clinical evaluation of central cardiovascular disease by MR has used only the 
first capability. To be sure, even at this early stage in its development, MR provides 
the most detailed images of intracardiac anatomy currently available. However, this 
is only the first dimension of information about the heart that can be obtainec with 
MR, and early research indicates the feasibility of applying the other dimensions 
for cogent clinical evaluation. 

This paper will review the current status of MR for clinical cardiac diagnosis and 
will explore some of the clinical and laboratory research currently evolving in this 
area. The paper will examine each of the four dimensions of information potentially 
achievable with MR. 


Cardiovascular Anatomy 


At this time the clinical use of MR for cardiac diagnosis rests upon the exposition 
of pathologic anatomy alone. Precise demonstration of anatomic abnormalities has 
been useful for the evaluation of ischemic heart disease [4, 7, 8], cardiomyopathies 
(4, 16], pericardial disease [9, 10], neoplastic disease [11, 17], congenital heart 
disease [12, 14], and thoracic aortic disease [1, 18, 19]. 
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Fig. 1.—Gated first A, TE = 30 and second B. TE = 60 echo images through middle of ventricles of 
patient with history of anterior myocardial infarction. Severe wall thinning and virtual absence of 
myocardium at site of infarction (arrows). Note signal from blood stasis adjacent to site of infarct on 


second echo image (arrowhead). 





Ischemic Heart Disease 


MRI provides direct visualization of the myocardium with 
excellent delineation of the epicardial and endocardial inter- 
faces. Consequently, it can accurately define segmental wall 
thinning indicative of previous myocardial infarction [4, 7, 
20]. In some patients with a history of transmural infarction, 
residual myocardium can be demonstrated at the site of the 
infarction; in others, MRI shows virtually complete absence 
of remnant muscle (Figs. 1 and 2). Direct visualization of the 
myocardium could be used to determine whether there is 
Sufficient residual myocardium in the region jeopardized bya 
coronary arterial lesion to warrant a bypass graft. 

The recognition of decreased signal intensity of the myo- 
cardial wall at the site of old myocardial infarction suggests 
that MRI can identify the replacement of myocardium by 
fibrous scar [20] (Fig. 2). Gated MR has also demonstrated 
complications of myocardial infarctions, such as left ventric- 
ular thrombus and aneurysms [7, 20] (Fig. 2). 

Acute myocardial infarctions have been demonstrated by 
gated MRI. The region of ischemically damaged myocardium 
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Fig. 2.—Anterior myocardial infarction complicated 
by large anteroapical aneurysm and mural thrombus 
(Curved arrow). Residual wall at infarct site has very 
low signal intensity (arrowheads) consistent with re- 
placement of myocardium by fibrous scar. 


Fig. 3.—Transverse images of a patient with 
recent myocardial infarction. A, TE = 30: B, TE 
= 60. Note increased signal intensity in region of 
infarct (arrows). Contrast between infarcted and 
normal myocardium is improved on second echo 
image. 


displays increased signal intensity compared to normal myo- 
cardium [8] (Fig. 3). Contrast between infarct and normal 
myocardium increases on images with greater T2 contribution 
to signal intensity. 


Cardiomyopathies 


Gated MR sharply delineates the endocardial and epicardial 
surfaces of the myocardial walls. Consequently, it can accu- 
rately define the presence, distribution, and severity of hyper- 
trophic cardiomyopathies [4, 16]. Likewise, it demonstrates 
the degree of ventricular dilation in patients with congestive 
cardiomyopathies. Since MR provides excellent discrimination 
of the myocardium, it can also be used to assess myocardial 
mass and wall thickness in patients with congestive cardio- 
myopathy; such information may be useful prognostic indi- 
cators in this disease. 

Two-dimensional echocardiography has provided excellent 
evaluation of cardiomyopathies for many years, and it is 
unlikely that MR will supplant it for the routine evaluation of 
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Fig 4.—Amyloid heart disease. Images at same 
anatomic level at four phases of cardiac cycle. TE = 
30. Upper left = end diastole; upper right = early 
systole; lower left = mid-systole; lower right = late 
systole. Nete increased wall thickness at end diastole 
but diminished wall thickening from end diastole to late 
systok. 


Fic. 5.—Transverse (A) and cor nal (B) images 
show thick pericardial peel (arrows) surrounding 
heart afterssurgical stripping of pencardium. TE = 
30. Patient had recurrent symptor s of pericardial 
constriction. Moderate intensity of pseudoperi- 
cardium is consistent with subacute or chronic 
inflammation rather than purely thickened fibrous 
tissue. 


cardiomwopathies. However, MR has proved extremely valu- 
able in the evaluation of some variant types of hypertrophic 
cardiomyopathy, such as the mid-ventricular and apical forms 
[4, 16, 21]. It has also demonstrated nonocclusive infarction 
of the apical region of the left ventricle as a complication of 
severe hypertrophic cardiomyopathy [21]. In amyloid heart 
disease, MR has demons-rated thickened myocardial walls 
and diminished wall thickening during the cardiac cycle (Fig. 
4); this finding is diametric to the increase in wall thickening 
observed in left ventricular hypertrophy. 

The MR findings in carciomyopathies have thus far been 
limited to anatomic abnormalities. No consistent changes in 
magnetic relaxation times nave yet been found for the myo- 
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cardium in hypertrophic or congestive cardiomyopathies [22] 
or in amyloid heart disease [23]. 


Pericardial Disease 


Gated MR provides direct visualization of the pericardium 
(9, 10] and the superior pericardial recesses [24]. Normal 
pericardium, composed primarily of fibrous tissue, has low 
MR signal intensity. The thickness of the pericardial line on 
MR images measured in normal subjects was 1.6 + 0.4 mm 
with a range of 0.8 to 2.6 mm. A variation in thickness of the 
low-intensity pericardial line has been observed during the 
cardiac cycle in normal subjects. This latter observation, along 
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with the knowledge from postmortem studies that the normal 
pericardium measures less than 0.5 mm, suggests that the 
low-intensity pericardial line consists of pericardium and some 
adherent pericardial fluid [9]. This is likely the circumstance 
for the pericardial line observed on CT as well, since normal 
CT measurements of pericardial thickness are similar to the 
MR measurements [25]. 

Gated MR has been useful for demonstrating pericardial 
thickness in patients with suspected constrictive pericarditis 
[9, 10]. The signal intensity of the thickened pericardium has 
been variable. The purely fibrous or calcified pericardium in 
chronic constrictive pericardial disease has low signal inten- 
sity. However, in subacute forms of constrictive pericarditis 
Caused by irradiation, surgical trauma, or uremia, the thick- 
ened pericardium has moderate to high intensity on spin-echo 
images (Fig. 5). 

Gated MR, like echocardiography, can apparently detect 
even very small pericardial effusions. An advantage of MR 
over echocardiography is its ability to differentiate pericardial 
hematoma from other types of effusions (Fig. 6). Determina- 
tion of pericardial thickening seems to be a clear indication 
for gated MR in patients. 
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Fig. 6. —Transverse (A) and coronal (B) images 
show pericardial hematoma compressing right- 
sided cardiac chambers. TE = 30. Note thickened 
pericardium (arrows). Hematoma consists of two 
regions of different signal intensity. Most of the 
hematoma has high signal intensity. 


Fig. 7.—MR image at base of heart (A) shows 
lung mass compressing and invading (arrow) right 
atrium. An image 1 cm farther caudal (B) shows 
invasion of pericardium and right atrial wall (ar- 
row). TE = 30. 


Neoplastic Disease 


Several reports have documented the clinical utility of gated 
MR for the evaluation of cardiac [11, 26, 27| and paracardiac 
masses [9, 11, 17, 28]. Because of the unequivocal delinea- 
tion of the pericardium, myocardial walls, and chambers of 
the heart on MR images, the precise relationship of tumors 
to cardiovascular structures can be defined. For mediastinal 
masses adjacent to the central cardiovascular structures, MR 
seems to be superior to CT for assessing the extent of the 
mass and its effect on these structures (Fig. 7). Gated MR is 
the imaging procedure of choice for identifying paracardiac 
masses, defining their nature, and determining invasion of the 
pericardium. The intensity on spin-echo images can be used 
to differentiate such masses from innocuous |ipomas (fat pad), 
pericardial cysts, loculated pericardial effusions, and unusual 
enlargement or displacement of cardiac chambers. 

Gated MR has been extremely useful fer demonstrating 
invasion of cardiac chambers by pulmonary and mediastinal 
malignancies (Fig. 7). Metastasis to the pericardium and the 
possibility of pericardial effusion can be readily established by 
gated MRI. 
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Fig. 8.—MR image -hrough left ventricle just caudal 
to mitral valve. TE = 30. Region of absent signal 
intensity in myocardial wall (arrow) represents dense 
mitral periannular calciication. Echocardiogram raised 
the possibility of an intramural tumor. 


Gated MRI will probably become the imaging procedure of 
choice fer demonstration cf intracardiac tumors. It has been 
used with increasing frequency for the further evaluation of 
intracardiac masses (such as tumors and thrombi) suggested 
by echocardiography. In our early experience, 24 patients 
have been referred for MRI because of the question of an 
intracardiac mass suggested from other studies, usually ech- 
ocardiography. MRI in most instances has not confirmed a 
tumor of the heart, but has revealed abnormalities that could 
mimic an intracardiac mass on echocardiography (Fig. 8). This 
experience suggests that MRI will soon be universally consid- 
ered the procedure of chcice for the definitive diagnosis of 
intracardiac and paracardiéc masses. 


Congenital Heart Disease 


Reports from our [4, 12, 14, 29, 30] and from other centers 
[13, 31, 32] indicate enccuraging results with MRI for the 
evaluation of congenital heart disease. In our Own recent 
study, in which the results of MRI were corroborated by 
angiography and two-dimensional echocardiography, accu- 
rate anatomic diagnosis wes achieved by MRI in over 90% of 
the anomalies [14]. 

Viscerpatrial situs, the type of ventricular loop, and the 
relationship of the great vessels could be identified in all 
patients with studies encompassing the entire heart. Forty- 
four of 47 abnormalities at -he level of the great vessels were 
identified by MRI, including coarctation of the aorta and 
vascularrings. MRI showed 30 of 33 ventricular abnormalities; 
two small ventricular septal defects and one Ebstein's anom- 
aly were not demonstrated. All the abnormalities at the atrial 
level and those of systerric and pulmonary venous return 
were also shown. Complex cardiac anomalies (Such as single 
ventricles) and the status of the pulmonary arteries were 
clearly demonstrated, and a good assessment of the post- 
operative anatomy after total and palliative surgery was at- 
tained. 

Thus, MRI is a completely noninvasive technique for the 
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preoperative and postoperative assessment of intracardiac 
anatomy in congenital heart disease. In most instances, com- 
plex and simple anomalies are depicted as definitively by MRI 
as they are by angiography. 

Much of the diagnostic information provided by MRI can 
also be shown by echocardiography. The unique capabilities 
of MRI in congenital heart disease seem to be the ability to 
visualize the central pulmonary arteries in cases of pulmonary 
atresia (Fig. 9); noninvasive assessment of thoracic aortic 
anomalies (Fig. 10); and composite depiction of complex 
anomalies involving both the great vessels and ventricles (Fig. 
9). In this regard, the coronal images have provided a com- 
posite view of the ventricles and great vessels in complex 
anomalies such as single ventricle (Fig. 9). At the present 
time, the major limitation of MRI is the thickness of the 
tomograms in infants with congenital neart disease. 

The eventual role of MRI in congenital heart disease is 
certainly not clear at this time. However, the necessity for 
catheterization and angiography for the preoperative assess- 
ment of congenital heart disease will need to be reevaluated 
in the future, considering the extensive information available 
using the combination of Doppler echocardiography and 
gated MRI. 


Thoracic Aortic Disease 


MR imaging of the thoracic aorta is considerably improved 
by ECG gating. For imaging of the thoracic aorta, MR seems 
to be clearly superior to echocardiography and CT. A number 
of reports attest to its effectiveness for the evaluation of aortic 
dissection, true and false aneurysms, periaortic abscess and 
hematoma, aortic arch anomalies, and coarctation of the aorta 
[18, 19]. Although MR can identify the presence and extent 
of aortic coarctation, it alone cannot define the severity of the 
stenosis. As further experience confirms the early results of 
MR for the diagnosis of thoracic aortic disease, it will be 
necessary to reconsider the traditional reliance upon angiog- 
raphy as the definitive diagnostic study. Even at this time MR 
seems to be better than angiography for identifying an intimal 
flap, mural thrombus, and periaortic hematoma and abscess. 


Cardiovascular Function 


Global Ventricular Function. 


Since MRI is a three-dimensional imaging technique it can 
provide most of the measurements upon which the clinical 
evaluation of global left ventricular function has been based. 
Using sets of images encompassing the left ventricle, it is 
possible to calculate end diastolic volume, end systolic vol- 
ume, stroke volume, and ejection fraction. This can be done 
directly and does not depend upon the geometric assump- 
tions used for such measurements from angiograms. Even 
more important, MR provides a three-dimensional direct vis- 
ualization of the myocardium with excellent mural edge dis- 
crimination, thereby providing quantitation of left ventricular 
mass (Fig. 11). 

Since MR also defines the right ventricular myocardium, it 
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Fig. 10.—MR images in patient with right aortic arch and retroesophageal left subclavian artery 





(arrow), which, along with a right ligamentum arteriosum, has produced a constricting vascular ring. 
Below level of ring (A) trachea (asterisk) has normal diameter, but at level of vascular ring (B) trachea is 


Fig. 9.—Coronal image of patient with single ven- severely narrowed. 


tricle, Type 1-transposition of great vessels, and pul- 
monary atresia. TE = 28. The MR image shows site 
of atresia (arrowhead) and also central confluence of 
right and left pulmonary arteries (arrow). 
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Fig. 11.—Graph shows relationship between left ventricular mass measured 
from gated (end diastole) MR images and at autopsy. 


may serve as the first technique for the accurate determina- 
tion of right ventricular mass. A preliminary report has recently 
suggested that MR can be employed effectively to measure 
right ventricular stroke volume and ejection fraction [33]. 
Moreover, comparison of right and left ventricular stroke 
volumes has been used to estimate the regurgitant fraction 
in aortic and mitral insufficiency in patients [33]. 


Left Ventricular Regional Function 


Acquisition of MR images at various phases of the cardiac 
cycle provides a noninvasive method of assessing regional 
myocardial function [34]. Using a technique called rotating 
gated acquisition, 10 transverse levels through the left ven- 
tricle are imaged at five sequential phases of the cardiac 
cycle. The 10 transverse levels (approximately 10 mm in 
thickness) encompass the left ventricle; the five images at 
each transverse level start at end diastole and then proceed 


in 100-msec intervals into the cardiac cycle. Thereby, wall- 
thickening dynamics, such as the maximum extent of wall 
thickening, are calculated by the following formula: 


Wes Was 
ee AON 
WT ec or 


% wall thickening = 
where WT,, = wall thickness at end systole, and 
WT.g = wall thickness at end diastole. 


Using this technique, normal regional wall thickening has 
been reported in volunteers [34]. Diminished regional wall 
thickening has been depicted in patients with acute myocar- 
dial infarction (Fig. 12), and generalized wall-thickening ab- 
normalities have been depicted in patients with congestive 
cardiomyopathy and concentric left ventricular hypertrophy. 
The unusual pattern consisting of increased end diastolic wall 
thickness and diminished wall thickening was shown in amy- 
loid heart disease (Fig. 4). 

Accuracy of wall-thickness measurement should be im- 
proved with the use of an imaging plane perpendicular to the 
long axis of the left ventricle [3]. Such short-axis views vitiate 
the problem of overestimation of wall thickness resulting from 
oblique sectioning of the heart on the standard transverse 
tomograms. Measurement of wall thickness on the transverse 
section through the middle of the left ventricle (equatorial 
plane) minimizes these potential mensuration errors. 


Blood Flow 


The MR signal produced by flowing blood is variable and is 
determined by many factors, including velocity and accelera- 
tion of flow, direction of flow, flow profile (laminar or turbulent), 
flow parallel or perpendicular to imaging plane, even or odd 
spin-echo image, type of images, and the pulse sequence 
being applied [35-39]. Disregarding the complex interplay of 
these mechanisms, intracavitary signal during various phases 
of the cardiac cycle has been described, and empirical obser- 
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Fig. 12 —Recent myocardial irfarction. Transverse 
images through middle of left ventricle (equatorial plane) 
at four phases of cardiac cycle. TE = 30. Upper left = 
end diastaie; upper right = early systole; lower left-mid- 
systole; lower right = late systole. Note decreased wall 
thickeningain anterior region compared with septal and 
lateral walts. Myocardium shows nigh signal at site of 
acute infarction (arrow). 


vations have emerged for normal subjects and patients with 
various classes of cardiac disease [40]. In normal subjects, 
signal within the left ventricle on spin-echo images usually 
occurs only in late diastole and is most prominent in the 
presence of a slow heart -ate; in normal subjects with heart 
rates over 80 beats per minute, intracavitary signal may not 
be discernible at any time in the cardiac cycle. Signal is more 
prominent on second (even) echo compared with first (odd) 
echo images. On the other hand, signal within the left ventric- 
ular chamber is frequently visualized during systolic phases 
of the cardiac cycle as well as in diastole in subjects with 
global and regional left ventricular dysfunction. Prominent 
intracawitary signal is obs2rved in the left atrium in patients 
with elevated left ventricular end diastolic pressure. 
Abnormal flow pattern in the pulmonary arteries has also 
been observed on MR images in patients with pulmonary 
arterial hypertension and elevated pulmonary vascular resist- 
ance [41]. Using the rotated gated sequence, it has been 
noted that signal appears in the aorta at end diastole, when 
flow velocity is low or when flow nearly ceases. During 
systole, there is no signal from blood in these vessels in the 
normal subjects. On the other hand, patients with severe 
pulmonary arterial hypertension have signal in the pulmonary 
artery in systole (Fig. 13). This finding is consistent with slow 
flow in the pulmonary circulation and seems to be indicative 
of severe increase in pulm onary vascular resistance. Indeed, 
a good direct linear relationship between signal intensity 
during systole in the centrél pulmonary arteries and pulmonary 
vascular resistance has been observed in patients with pri- 
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mary pulmonary hypertension (Fig. 14). A similar relationship 
has also been shown for subjects with left-to-right shunt 
lesions complicated by pulmonary hypertension [42]. 


Myocardial Tissue Characterization 


Myocardial tissue characterization at the current time de- 
pends upon estimations of signal intensity on images with 
varying TR and TE values, hydrogen density, and T1 amd T2 
relaxation times. The measurements of relaxation times from 
gated images are merely approximations rendered inexact by 
cardiac and respiratory motion. Despite these disclaimers, the 
T2 relaxation times have been reasonably discriminatory be- 
tween normal and pathologic myocardium of the in situ beat- 
ing heart. 

Ex vivo measurements of relaxation times have revealed 
that several myocardial diseases, inciuding ischemic myocar- 
dial injury [43-45], cardiac transplant rejection [46, 471, and 
adriamycin cardiomyopathy [48], produce significant altera- 
tion in relaxation times. A number of experiments in our 
laboratory during the past 2 years have been directed toward 
the identification and characterization of abnormal myocar- 
dium from in vivo MR imaging. Experimental canine models 
of occlusive and reperfused myocardial infarctions, cardiac 
transplant rejection, and adriamycin cardiomyopathy have 
been successfully produced and extensively evaluated by MR. 

Acute myocardial infarctions have been characterized in 
vivo by increased signal intensity and prolonged T2 relaxation 
time [2, 49, 50, 51]. Animals imaged before and during the 
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Fig. 14.—Graph of pulmonary vascular resistance (PVR) in dynes x sec x 
cm” as a function of signal intensity in right pulmonary artery (RPA) for patients 
with pulmonary hypertension (c/osed circles). Open box represents mean value 
for normal subjects. 


first 5 hr after coronary arterial occlusion showed regional 
increase in MR signal intensity in the jeopardized region by 3 
hr postocclusion. The T2 relaxation time was significantly 
prolonged in the region of the myocardial infarction by 3 hr 
postocclusion (Fig. 15). In some animals, increased signal 
intensity was noted in the jeopardized region within the first 
hour after occlusion (Fig. 16). Gated MR of dogs with reper- 
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Fig. 13.—MR images through pulmonary ar- 
teries in patient with severe pulmonary arterial 
hypertension. TE = 30. Images corresponding to 
four phases of the cardiac cycle: left upper = end 
diastole; right upper = eariy systole; left lower = 
mid-systole; right lower = late systole. Prominent 
intravascular signal is seen throughout cardiac 
cycle in pulmonary arteries(arrow), but the signal 
in the aorta (arrowhead) is only present at end 
diastole. 
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Fig. 15.—Graph of mean T2 relaxation times of infarcted and normal 
myocardium measured at various time intervals after corenary artery occlusion 
plotted against time. *p < 0.01. 


fused myocardial infarctions (1 hr of occlusion followed by 
reperfusion) showed significant alterations in regional signal 
intensity and T2 relaxation times by 30 min after reperfusion 
[51]. These studies show that MR can potentially detect 
ischemically injured myocardium soon after coronary occlu- 
sion. 

MRI of patients within 10 days after sustaining acute myo- 
cardial infarction has also characterized acutely infarcted myo- 
cardium as increased signal intensity and prolonged T2 relax- 
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Fig. 16—NMR images in dog before occlu- F] | A | 
peP 


sion (left upper panel) and at &0 min (right 
upper), 5 fr (left lower), and 5 days (right lower) 
after occlusion of left anterior descending cor- 
onary artery. Increased signal intensity is ap- 
parent in jeopardized region (arrows) of myo- 
cardium as early as 30 min postocelusion in this 
dog. 


ation time (Fig. 3). However, it should be noted that variations 
in signa’ intensity are obs2rved through the myocardial wall 
of normal subjects [8]; this is likely an artifact due to cardiac 
and respiratory motion. It may be possible to distinguish 
between an artifactual increase in regional intensity and that 
caused by a change in T2 through a comparison in contrast 
between the two regions on first and second echo images. 
Contrast between infarcted and normal myocardium has been 
greater on the second echo image, while the contrast has 
been similar or decreased between various regions in normal 
subjects. Another group has recently reported good sensitiv- 
ity and specificity of MF for the demonstration of acute 
myocardial infarctions in patients [52]. We have also recently 
noted in some, but not all, patients with old myocardial 
infarctions a regional decrease in signal intensity and de- 
creased relaxation time at the infarct site. These observations 
are consistent with fibrous replacement of myocardium [20]. 

Another model of myocardial disease is provided by car- 
diac transplant rejection [47, 53]; this process mimics acute 
myocarditis. In dogs that underwent heterotropic cardiac 
transplantation, serial ECG-gated MR imaging and histologic 
examination of allograft biopsies were done at intervals from 
2 to 29 days after transplantation [53]. Since the transplant 
was placed in parallel with the native heart, relaxation times 
in the two hearts could b2 compared. Some of the animals 
received therapy in order to prevent rejection. Untreated 
allografts show an increase in T2 (spin-spin) relaxation time 
and intensity of the myocardium compared with the native 
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hearts (Fig. 17). Rejecting allografts have significant altera- 
tions in T2 and signal intensity compared with normal myo- 
cardium as early as 1 week posttransplant. There was no 
significant difference in T1, T2, or intensity values between 
successfully immunosuppressed allografts and native hearts. 
There was a good correlation between histologic grading of 
rejection severity with T2 relaxation times of the cardiac 
transplants (r = 0.72). Thus, in vivo gated MR imaging may 
be a sensitive noninvasive technique for detecting and esti- 
mating the severity of acute cardiac transplant rejection. 

Adriamycin cardiomyopathy has been produced in a group 
of dogs confirmed by sequential endomyocardial biopsies. 
Experiments are in progress to determine the relationship 
between histologic severity of adriamycin cardiomyopathy 
and the alteration in relaxation times, and to determine 
whether detectable changes in relaxation times precede func- 
tional abnormalities. 


MR Spectroscopy 


The fourth dimension of information available from MR for 
cardiac diagnosis is myocardial metabolism. MR spectros- 
copy of the myocardium is currently at an inchoate stage. 
Most observations have been obtained from isolated heart 
preparations. However, the feasibility of procuring spectro- 
scopic data from the beating in situ heart using surface coils 
has already been demonstrated [54]. The advantage of this 
technique is that it provides assessment of in vivo metabolism 
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in a nonperturbing way and can sample natural metabolites 
and totally undistorted metabolic pathways. Consequently, it 
is capable of detecting the early changes in the myocardium 
caused by a disease process and should be able to provide 
the earliest assessment of the response of the myocardium 
to therapeutic interventions. Most work has evaluated the 
effect of ischemia and other intervention on high-energy phos- 
phate metabolism as revealed by 31 phosphorus i*'P) spec- 
troscopy [55, 56]. Interesting *'P spectroscopic experiments 
have shown the stabilization of high-energy phosphate levels 
in the jeopardized region during regional myocardial ischemia 
in animals pretreated with calcium antagonists [56]. In this 
same regard, we have recently completed experiments in a 
group of guinea pigs with myocardial dysfunction induced by 
chronic ethanol administration; a subgroup of the animals 
concurrently received verapamil [57]. The *'P spectra of the 
isolated hearts from animals treated with ethanol alone had 
decreased levels of adenosine triphosphate and creatine 
phosphate and showed reduced global function compared 
with that of normal hearts. In the animals receiving verapamil 
and ethanol, high-energy phosphate levels and contractile 
function were preserved. These studies not only show that 
MR can be used to define the effect of myocardial insults on 
metabolism of the target tissue, but also indicate that the 
technique can be used to monitor the effectiveness of therapy. 
Prediction and assessment of the early response of the 
myocardium to therapy may eventually be an important use 
of MR spectroscopy. 
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Fig. 17.—In vivo ECG-gated MR images of 
dog with heterotopic cardiac transplantation 4 
weeks after transplantation. (Upper panels: short 
. ' TR gated to every beat, first and second echo 
X 2. A image; lower panels: longer TR gated to every 

£ 4 other beat, first and second echo images). Note 
marked increase in signal intensity of transplant 
(T) myocardium from short to long TR and from 
first to second echo. 


Proton (hydrogen) spectroscopy seems especially interest- 
ing since it can be used to monitor some chemical moieties 
that are characteristically altered in ischemia and should vary 
in relation to the severity of myocardial ischemia. Early ex- 
periments in our laboratory using an isolated heart preparation 
have shown that lactate build-up in the myocardium with 
increasing duration of ischemia can be monitored [58]. The 
demonstration of lactate in the proton spectrum requires 
special pulse sequences for water suppression and subtrac- 
tion of the signal from aliphatic protons resonating near the 
lactate frequency. Work is also being directed toward the use 
of the spectral position of carnosine as a nonperturbing 
method for monitoring intracellular pH of the myocardium. 


Commentary 


Application of MR imaging of the central nervous system 
has been readily accomplished and its use for neurologic 
diagnosis has flourished in the initial years of MR. Spectros- 
copy of the brain will also be easier in many ways than in vivo 
spectroscopy of the heart. In spite of the inherent difficulties 
in imaging the beating heart, much progress has already been 
made in the use of MR imaging for cardiac diagnosis. Depth- 
localized *'P spectroscopy of the in situ beating heart has 
already been accomplished. Although technically challenging, 
the combination of MR imaging and spectroscopy is appar- 
ently feasible [54]. 
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Estimation of Pulmonary 
Vascular Resistance by MRI 
in Patients with Congenital 
Cardiovascular Shunt 
Lesions 





The intensity of the magnetic resonance signal in the pulmonary arteries was as- 
sessed in 15 patients with congenital left to right shunts and in 10 normal volunteers, 
using an ECG-gated multislice spin-echo technique. In normal subjects, magnetic reso- 
nance signal was only observed in great vessels of the thorax on images acquired near 
end-diastole; they disappeared in systole. Among the group of 15 patients, 10 had 
severe pulmonary hypertension (systolic pressures greater than 80 mm Hg) with severe 
elevation of pulmonary vascular resistances (>787 dynes cm sec~'). The magnetic 
resonance signal persisted in systole in all 10 patients, and its intensity could be 
quantitatively assessed. On the other hand, in one other patient with high pulmonary 
artery pressure but only moderate elevation of pulmonary vascular resistance, and in 
patients with moderate pulmonary hypertension and normal pulmonary vascular resist- 
ance, the intravascular signal was minimal and no different from the signal recorded in 
normal subjects. A direct linear relationship was found between the pulmonary vascular 
resistance and the intensity of the magnetic resonance signal in the right pulmonary 
artery during systole (r = 0.84). An even closer correlation was found for the linear 
relationship between the ratio pulmonary vascular resistance/systemic resistance and 
the magnetic resonance signal in the right pulmonary artery (r = 0.93). Thus, magnetic 
resonance, with its sensitivity to slow-flow conditions, can potentially provide physiolog- 
ical information in congenital cardiovascular disease. 


The major advantage of magnetic resonance imaging (MRI) in evaluating the 
cardiovascular system is its ability to provide, noninvasively, a high natural contrast 
between flowing blood, which generally shows little or no MR signal, and the 
cardiovascular structures [1, 2]. However, an intravascular MR signal may appear 
in some physiological or pathologic conditions, depending on the velocity of blood 
flow. The mechanisms responsible for the intensity or presence of intravascular 
signal are multiple and have been the subject of several recent reports [3-7]. These 
suggest that there are two major physical factors governing the appearance of this 
signal within blood vessels: 

1. The “time-of-flight,” or “slice-transition,” effect, which happens when blood is 
moving at high velocities, causing the spins to move out of the imaging section 
before they can contribute to the echo. Thus, no intravascular signal is visualized. 


On the other hand, under slow-flow conditions, a signal is usually present. 
2. The “spin-phase-change’” effect, which occurs when the spins are dephased 


by moving at different velocities and by undergoing different accelerations in 
gradient fields. 

Under physiological conditions, an intraluminal signal is observed at end-diastole 
in the great vessels of the thorax of normal subjects because, at this time of the 
cardiac cycle, blood flow is slow or has ceased momentarily. Such signal is seen 
in the ascending and descending aorta as well as in the main pulmonary artery and 
its branches. On the other hand, this signal disappears in systole in normal 
individuals. These observations generally hold, but vary somewhat from one 
transverse level to the next. The physical factors governing the relation between 
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TABLE 1: MRI Shunts 
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Pulmonary Artery 


Case No. Pressures (mm Hg) 











Heart Rate 


Pulmon r j i 
ulmonary Vascula Systemic Resistance 








Diagnosis Resistance (d m PVR Signal RPA 
E akii Syst./Diast. Mean oar Som poi ahaa. SR Signal Fat 
1 (52/M) Huge perimembranous 155/100 125 84 4604 3282 1.4 1.0 
VSD 
2 (19/F) Truncus arteriosus 130/54 72 88 1184 3280 0.36 0.37 
3 (33/F) DORV 96/26 59 68 2020 1800 LAg 0.62 
4 (36/F) Ostium secundum 130/80 100 72 2320 1621 1.43 0.68 
ASD 
5 (39/F) Ostium secundum 94/67 80 90 2654 2173 1.22 0.65 
ASD 
6 (25/F) Ostium secundum 81/47 60 75 1792 2712 0.56 0.66 
ASD 
7 (47/F) S/P repair PDA 118/55 76 80 1405 1678 0.83 0.35 
8 (33/M) Ostium secundum 163/71 102 92 2558 2056 1.24 0.71 
ASD 
9 (24/F) Ostium secundum 122/44 70 90 787 820 0.95 0.61 
ASD 
10 (15/F) Ostium secundum 191/85 120 76 1395 1012 1.37 0.95 
ASD 
11 (30/M) Huge perimembranous 110/40 60 90 327 1291 0.25 0.11 
VSD 
12 (5/M) Ostium secundum 50/17 32 100 273 2393 0.11 0.08 
ASD 
13 (60/F) PDA 23/13 17 70 170 1290 0.10 0.12 
14 (34/F) Ostium primum ASD 26/10 12 85 68 1900 0.03 0.05 
15 (24/F) Membranous VSD 34/13 25 68 61 1398 0.04 0.07 





defect; DORV = double outlet right ventricle; ASD = atrial septal defect; s/p 


MR signal and flow vary for different parts of the great vessels 
on a single slice and from slice to slice. For instance, the 
direction of blood flow and velocity of flow at any instant are 
different in the ascending and descending aorta. 

In patients with primary pulmonary hypertension and in 
patients with Eisenmenger’s syndrome, it has been previously 
observed that during systole, prominent MR signal is present 
in the pulmonary arteries but not in the ascending and de- 
scending aorta [8, 9]. A good correlation between the pul- 
monary vascular resistances and the intensity of this MR 
signal in the right pulmonary artery has been demonstrated 
in patients with primary pulmonary hypertension [8]. Several 
recent studies have indicated the value of gated MRI for 
depicting the morphologic features of congenital malforma- 
tions of the heart and great vessels [10-14], but the use of 
MRI to detect physiological abnormalities has not been re- 
ported. 

A retrospective analysis was performed on gated MR stud- 
ies in normal volunteers and in patients with abnormal con- 
genital communications between right and left heart either 
with or without pulmonary hypertension. The purpose of this 
Study was to qualitatively and quantitatively analyze the intra- 
luminal signal in the pulmonary arteries in these two groups 
of patients and to determine if there was a relation between 
the level of pulmonary vascular resistances and the MR 
intravascular signal. 


Materials and Methods 
Patient Population 


Twenty-five people were studied: 10 healthy volunteers and 15 
patients with abnormal communications between the right and left 


Note.—syst = systole; diast = diastole; bpm = beats per min; PVR = pulmonary vascular resistance; RPA 






= right pulmonary artery; SR = systemic resistance: VSD 


= ventricular septal 


= Status post; PDA = patent ductus arteriosis. 


heart. The group of normal people consisted of 10 males with a mean 
age of 35 years. The group of patients consisted of 4 males and 11 
females, ranging in age from 5 years to 60 years (mean, 31 years). 
Among this latter group were three patients with perimembranous 
ventricular septal defects, eight patients with atrial septal defects 
(seven with ostium secundum atrial septal defect and one with ostium 
primum atrial septal defect), two patients with a patent ductus arter- 
iosus (one underwent recent surgical closure), and two malalignment 
ventricular septal defects associated with a double-outlet right ven- 
tricle and a truncus arteriosus type |. All these findings had been 
previously demonstrated by angiography and two-dimensional echo- 
cardiography. Among these patients, 10 had severe pulmonary arte- 
rial hypertension (systolic pressure ranging from 81 to 191 mm Hg) 
with severe increase of pulmonary vascular resistance (PVR) (ranging 
from 787 to 4604 dynes cm sec™'). Three patients had moderate to 
severe pulmonary arterial hypertension but only mormal to moderate 
increase in PVR (Table 1). Finally, two patients had normal pressures 
and normal PVR. All these findings had been previously demonstrated 
by cardiac catheterization. Individual values for systemic resistances, 
the ratio of PVR to the systemic resistances and the heart rate are 
shown in Table 1. 


Magnetic Resonance Imager 


The study was performed with a Diasonics Superconducting mag- 
net operating at 0.35 T with a proton resonance frequency of 15 
MHz. This imager has been described in detail previously [15]. For 
the two groups of patients, the images were obtained with the 
multislice spin-echo technique and sectional images were recon- 
structed by the two-dimensional Fourier transform technique. At the 
beginning of this study, the section thickness was 0.7 cm with an 
interslice gap of 3 mm. The reconstruction matrix was 256 x 128 
and the signal was averaged four times. Subsequently, the section 
thickness was 1 cm with no interslice gap; the reconstruction matrix 
was 256 x 256 and the signal was averaged two times. 
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The echo delays (TE) were 28 and 56 msec at the beginning of 
the study. and 30 and 60 msec subsequently. First and second spin- 
echo images were generated at five adjacent transverse levels during 
each imaaing acquisition. 


ECG-Gated Imaging Acquisition 


The technique of electrocardiographic (ECG) gating has been 
described in detail previously 16]. The pulse sequence for imaging 
the first dual spin-echo image at the most cranial level was initiated 
by the R-wave of the ECG end therefore was initiated near end- 
diastole. The heart rate of our patients ranged from 68 to 100 beats 
per minute. As the duration of systole varies with the QT interval of 
the ECG. depending on the Feart rate, the time of ejection in our 
patients ranged from 310 to 370 msec. Thus, for our patient popu- 
lation, the second, third, and fourth dual spin-echo images corre- 
sponded to early-, mid-, and erd-systolic phases of the cardiac cycle, 
because they were acquired at 105 to 110 msec, 205 to 210 msec, 
and 305 to 310 msec after the beginning of the QRS complex. The 
fifth dual spin-echo images occurred at early diastole, 405 to 410 
msec after the QRS complex. Thus, each image was separated 
Spatially by 1 cm and temporally by 100 msec. 


Image Analysis 


Ten to 15 adjacent transverse tomographic images were obtained 
in all subjects. The patients used in this study were only those with 
images encompassing the main pulmonary artery and its branches in 
systole (i2., on the second, third, or fourth images of a five-level 
multislice sequence). Each systolic image was analyzed to determine 
the presence of an abnormal signal in proximal and distal pulmonary 
arteries. Because the intraluminal signal was greater on second spin- 
echo images (TE = 56 or 60 msec), this analysis was made on these 
second eeho images. The signal was most frequently observed in the 
distal portion of the right pulmonary artery and in the descending 
branch ofthe left pulmonary artery. It was less frequently seen in the 
main pulmonary artery and in other parts of the central pulmonary 
arteries. Consequently, for measurements in the current study, re- 
gions of interest were placed n the distal right pulmonary artery. A 
site with prominent signal was intentionally chosen on the systolic 
images. Regions of interest were also drawn in the subcutaneous 
and axillary fat for normalizaton of regional intensity value among 
subjects. Intensities in these regions of interest were obtained, and 
the ratios of the intravascular signal intensities in the different vessels 
to the signal intensity of the ~at were calculated. Such normalized 
values were used for data ana ysis. 


StatisticalAnalysis 


Statistical analysis was performed using standard linear regression 
to determine the correlation between the ratio of the normalized MR 
signa! in the right pulmonary artery to the pulmonary vascular resis- 
tances. Standard linear regression was also done for the relationship 
between signal intensity and the ratio of the pulmonary vascular 
resistances to the systemic resistances (PVR/SR). 


Results 


In the group of 10 healthy individuals, intravascular signal 
was observed at diastole (on the first and second dual spin- 
echo images) in the ascencing and descending aorta as well 
as in the pulmonary arteries. In systole, these vessels were 
void of signal in all 10 subjects (Fig. 1). 
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Fig. 1.—Normal pulmonary artery pressure and resistance. Dual spin-echo 
transverse images acquired in systole at 205 to 210 msec after the beginning 
of the QRS complex in a normal subject. The main pulmonary artery (PA) as 
well as its right and left branches and ascending aortas (Ao) are void of signal. 
First echo (TE = 28 msec) above; second echo (TE = 56 msec) below. 


In the group of patients with abnormal communication 
between right and left heart, the defect was visualized on MR 
images in all 15 cases. In the 10 patients with severe pulmo- 
nary hypertension and severe elevation of PVR (patients 1 to 
10 on Table 1), an intravascular signal was found in all great 
vessels on the MR image acquired near end-diastole. In 
contrast to normal volunteers, an intense signal persisted in 
one of the three sections obtained during systole (Second, 
third, or fourth dual spin-echo images). This signal was higher 
on the second spin-echo images (TE 56 or 60 msec) than on 
the first spin-echo images. Such signal was present in both 
the right and left pulmonary arteries (Fig. 2). 

The ratio of the intensity of this MR signal in the right 
pulmonary artery to the fat ranged from 0.35 to 1.0 (Table 1). 
In a patient with severe pulmonary hypertension but only 
moderate elevation of PVR (patient 11), as well as in patients 
with moderate pulmonary hypertension or normal pulmonary 
pressures with moderate elevation of PVR or normal PVR 
(patients 12 to 15), there was little or no signal observed in 
the pulmonary arteries during systole. The ratio of the inten- 
sity of the signal in the right pulmonary artery to the fat ranged 
from 0.05 to 0.11 in these five patients. The equation for the 
regression line of the relationship between PVR and relative 
signal intensity in the right pulmonary artery (RPA) (Fig. 3) is: 


PVR = 3256 x (signal RPA/fat) — 85. 


This linear relationship was significant (p < 0.001) and had a 
high correlation coefficient (r = 0.84). The equation for the 
regression line of the relationship between the ratio of PVR/ 
SR and normalized signal intensity in the right pulmonary 
artery (Fig. 4) is: 


PVR/SR = 1.56 x (signal RPA/fat) + 0.0083. 
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Fig. 2.—Increased pulmonary vascular resistance. Dual spin-echo images 
acquired in systole at 205 to 210 msec after the beginning of the QRS complex 
in patient 10 with ostium secundum ASD and severe increase of pulmonary 
vascular resistance. An intense signal is visualized in proximal right and left 
pulmonary arteries on first spin-echo image (TE = 28 msec) (above). This signal 
is higher on the second spin-echo image (TE = 56 msec) (below). No signal is 
present in ascending and descending aorta (Ao). The asterisk shows where 
region of interest was drawn on computer screen to measure signal intensity. 
Note enlargement of main (PA), right, and left pulmonary arteries. 


r=0.84 
PVR=3256 x (signal RPA/Fat) - 85 r 
p < 0.001 


PVR 
(dynes.sec) 
cm 





00 01 02 03 04 05 06 0.7 08 09 1.0 
Signal Intensity RPA/Fat 


Fig. 3.—Relationship between normalized signal intensity measured in the 
right pulmonary artery (RPA) and pulmonary vascular resistances (PVR) (in 
dynes sec cm™') in the 15 patients. Range for signal intensity in normal 
volunteers is shown at bottom left of graph. Note the two data points with low 
signal intensity equivalent to signal obtained in normal subjects; these corre- 
spond to patients 11 to 15 in Table 1. 


This linear relationship was significant (p < 0.001) and had a 
high correlation coefficient (r = 0.93) 

There was also a significant linear relationship between 
signal intensity in the right pulmonary artery and pulmonary 
artery pressure (p < 0.001) (Fig. 5). 


AJR:146, May 1986 


PVR/SR=1.56 x (signal RPA/Fat)+0.0083 


r=0.93 
p< 0.001 ‘ 


PVR / SR 





0.0 0.1 02 03 04 05 06 07 08 09 1.0 
Signal Intensity RPA/Fat 


Fig. 4.—Relationship between normalized signal intensity measured in the 
right pulmonary artery (RPA) and ratio of pulmonary vascular resistances (PVR) 
to systemic resistances (SR) in the 15 patients. Range for normal volunteers is 
shown at bottom left of graph. 
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Fig. 5.—Relationship between normalized signal intensity measured in the 
right pulmonary artery (RPA) and mean pulmonary artery (PA) pressure in the 
15 patients. 


In patients with only a mild increase in PVR and pulmonary 
arterial pressure, there may be no relationship between intra- 
luminal signal intensity and PVR. In patients with left-to-right 
shunts without increase in resistance, flow is sufficiently high 
that no signal is acquired from intraluminal blood using the 
standard spin-echo parameters. 


AJR:146, May 1986 


Discussion 

A goed correlation has previously been found between 
PVR and signal intensity in the pulmonary arteries in patients 
with primary pulmonary hypertension [8]. The current study 
indicates the potential for MRI to assess noninvasively the 
PVR in patients with congenital heart disease. A good corre- 
lation was found between the PVR and the relative intensity 
of MR signal in the right pulmonary artery (r = 0.84). An even 
closer correlation (r = 0.93) was found between the ratio 
PVR/SF and the relative intensity MR signal in the pulmonary 
artery. This ratio is more accurate for quantitating the degree 
of pulmonary vascular disease, because systemic vascular 
resistance is variable among patients and under different 
physiolagical conditions [17]. Also, the decision regarding 
corrective surgery hinges on the level of PVR and on the level 
of PVR/SR [17, 18]. 

Systolic intraluminal signal was found in all patients (1 to 
10) with severe pulmonary vascular disease (PVR > 787 
dynes cm sec™'); however. no significant signal was recorded 
in patieats with mild and moderate elevation of PVR (PVR < 
327 dymes cm sec™'). The threshold for appearance of the 
signal cannot be delineated in this study, because there are 
not enaugh patients with moderate elevations in PVR. Fur- 
thermore, this signal seems to be independent of the level of 
pulmonary hypertension, since one patient with severe pul- 
monary hypertension and one patient with moderate hyper- 
tension nad no significant pulmonary-artery signal. The signal 
seems to be dependent on the resistance to flow in pulmonary 
arteries One should not expect to observe systolic signal in 
the pulmonary arteries of all patients with left-to-right shunts. 
In most patients with large-volume shunts and mild or mod- 
erate elevation in pulmonery artery pressure, flow velocity is 
so great that no signal is produced using standard spin-echo 
sequences [3, 4]. 

The physical principles underlying the interaction of blood 
flow and MRI parameters have been explained in several 
publications [3-7]. Blood flow affects signal intensity in two 
major ways: time-of-flight effects and spin-phase-change ef- 
fects. Time-of-flight effects include flow-related enhancement 
of blood, previously called paradoxical enhancement. This 
occurs when movement of fully magnetized spins into that 
imaged volume at relatively low flow velocities (a few centi- 
meters per second) takes place between the mutation (90°) 
and the refocusing (180°) pulse of the radiofrequency pulse 
sequence. This effect is most prominent on the tomograms 
at the end of the imaging volume into which blood flows 
(entranee slice phenomenon). Another time-of-flight effect is 
high-velocity signal loss, in which velocity is above a threshold 
leve! (approximately 10 cm/sec) and spins flow out of the 
imaged volume before the refocusing pulse. Time-of-flight 
effects occur in planes perpendicular to the direction of flow. 
The seeond effect of flow results from spin-phase changes, 
which happen when spins move in a gradient field. These 
spin-phase changes occur with flow perpendicular and parallel 
to the imaging plane. The greater the phase difference of 
spins ima voxel, the greater the signal loss from flowing blood. 
The degree of phase variations of spins in flowing blood is 
directly proportional to velocity of flow. 
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From the above discussion, it is evident that high blood- 
flow velocity results in loss of signal from flowing blood. 
Consequently, a signal void is observed in the pulmonary 
arteries during systole in normal individuals. Likewise, no 
systolic signal is expected in left-to-right shunt with normal 
vascular resistance; this is a circumstance in which velocity 
can be expected to be increased. On the other hand, blood- 
flow velocity is expected to be reduced in Eisenmenger syn- 
drome and in other conditions characterized by substantially 
elevated levels of pulmonary vascular resistance. Tne low 
pulmonary flow velocity in Eisenmenger syndrome car cause 
systolic signal both by the time-of-flight effect (flow-related 
enhancement) and by less severe spin-phase changes. 

The current study shows some relation between systolic 
signal in the pulmonary artery and PVR. However, there are 
numerous other factors that may also be operative to an 
unknown degree, including flow effects at bifurcations and 
differences in directions of flow in the right and left pulmonary 
arteries in relation to the imaging plane. For instance, on a 
transverse plane near the pulmonary bifurcation, flow nay be 
parallel to the plane for the right pulmonary artery but mostly 
perpendicular to the plane for the left pulmonary artery. 
Consequently, one can expect the relationship between the 
signal in the pulmonary circulation and hemodynamics to be 
variable depending on the region of interest selected as a 
measure of signal intensity. The results of the current study 
pertain only to the signal in the right pulmonary artery, and 
they hold for patients with moderate to severe pulnonary 
arterial hypertension. 

Previous reports from our laboratory [8, 9] have shown that 
patients with severe pulmonary arterial hypertension, either 
primary or secondary to lung disease, have a sign ficantly 
higher systolic signal in the pulmonary arteries than normal 
subjects. A linear relationship with good correlation coefficient 
(r = 0.89) was observed between the systolic signal in the 
pulmonary artery and the level of PVR [8]. 

The limitations of these preliminary results must be consid- 
ered. This study is retrospective and was conducted in a 
small number of patients. Consequently, the available cathe- 
terization data for some adult patients with Eisenmenger’s 
syndrome have been obtained at a time remote from the MR 
study. Although the measurement of the intravascular signal 
in pulmonary arteries was always made in systole, which was 
confirmed by the absence of signal in the ascending and 
descending aorta, the actual timing of this measurement was 
variable among the patients, some were done in early systole 
while others were in mid or late systole. Precise correlation 
of this measurement relative to the phase of the cardiac cycle 
can now be done using a new MR technique called rotating 
gating [8]. This technique acquires single or double spin-echo 
images at five to 10 adjacent anatomic levels at five different 
times in the cardiac cycle. A prospective study with a larger 
number of patients using this rotating gated technique is 
needed to confirm the present results. It will also be important 
to evaluate younger patients with mild and moderate in- 
creases in PVR in order to determine the threshold of PVR 
elevation at which abnormal intravascular signal occurs. It will 
be interesting to determine if infusion of tolazoline (priscoline 
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hydrochloride) or oxygen inhalation in the patients with pui- 
monary arterial hypertension alters the pattern and intensity 
of signal in the pulmonary arteries. 

The role of MRI relative to echocardiography for the esti- 
mation of PVR also needs to be defined. M-mode echocar- 
dlography, measuring the right ventricular isovolumetric relax- 
ation time, has been used to estimate pulmonary artery 
pressure in patients with abnormal communicaticn between 
right and left circulations [19]. Recently, Doppler echocardiog- 
rapny has proved to be a useful method for evaluating the 
pulmonary resistances with the use of the pulmonary flow 
velocity curve [20]. 

This study shows the potential of MR, with its sensitivity to 
flow phenomena, as an alternative to M-mode and Doppler 
echocardiography for the noninvasive assessment of pulmo- 
nary vascular resistances in patients with ventricular septal 
defects, atrial septal defects, and patent ductus arteriosus. 
MR could serve as a noninvasive method for serial evaluation 
of patients with pulmonary hypertension and for monitoring 
thelr response to therapeutic interventions. 
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MRI of Reperfused 
Myocardial Infarct in Dogs 





The current study evaluated the capability of magnetic resonance imaging (MRI) to 
detect acutely injured myocardium in the first 5 hr after a 1-hr period of occlusion 
followed by reperfusion of the coronary artery and to determine if magnetic relaxation 
times could be used to differentiate injured from normal myocardium. Fourteen dogs 
underwent left anterior descending coronary arterial occlusion for 1 hr, followed by 
reperfusion. Electrocardiographic gated MRI was performed before and during coronary 
artery occlusion and immediately after reperfusion, and serially up to 5 hr postreperfu- 
sion. In all dogs with postmortem evidence of myocardial infarction (n = 7), regional 
increase of signal intensity was observed in the anterior wall of the left ventricle as 
early as 30 min after reestablishing blood flow to the jeopardized myocardium. The area 
of increased signal intensity in the myocardium conformed to the site of myocardial 
infarction found at autopsy. The signal intensities of the jeopardized myocardium were 
significantly (p < 0.01) greater than those of normal myocardium at 30 to 300 min 
postreperfusion. The T2 (spin-spin) relaxation time was significantly ( p < 0.05-p < 0.01) 
prolonged in the region of the reperfused myocardial infarct at 30 min (59.6 = 13.1 
msec) and remained prolonged up to 300 min (62.6 + 12 msec) postreperusion 
compared with the T2 of normal myocardium (40.6 + 5.2 msec). Of the remaining seven 
dogs, four developed fatal arrhythmias during the reperfusion procedure and three dogs 
had no evidence of myocardial infarction at pathologic examination. Signal intersities 
and T2 relaxation times in these three dogs did not change during the experiment. Thus, 
acutely infarcted and reperfused myocardium can be detected by in vivo gatec MRI, 
using the spin-echo technique, as early as 30 min after reperfusion. The jeopardized 
myocardium is characterized by a prolonged T2 relaxation time and, therefore best 
visualized on T2-weighted images. 


Magnetic resonance imaging (MRI) is capable of differentiating infarcted myocar- 
dium from normal myocardium [1-3]. Acute myocardial infarcts have been shown 
to have increased signal intensity compared with adjacent normal myocardium on 
MRI in both experimental animals [4] and in humans [3]. Prolongation of the T2 
relaxation time of the infarcted myocardium compared with T2 of the normal 
myocardium was found in these studies. 

The status of reperfused myocardium has been studied by our laboratory [5] 
and by others [6] using in vitro MRI or spectrometric tissue analysis [7]. Thus far, 
it has been demonstrated that prolongation of T1 and T2 relaxation times are 
present in reperfused canine myocardial infarctions after 1 hr of reperfusion 6, 7] 
and 24 hr of reperfusion [5]. However, it is not known how soon after the 
reconstitution of coronary blood flow in vivo electrocardiographic gated MRI can 
identify the site of ischemically damaged myocardium. 

The purposes of this study were twofold: to determine if MRI can detect 
ischemically damaged myocardium in the first hours after reperfusion of infarcts 
and to characterize differentially reperfused myocardial infarctions from normal 
myocardium using magnetic relaxation times. 
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Materials and Methods 
Animal Preparation and Experimental Protocol 


Fourteen adult mongrel dogs weighing 13 to 26 kg were pre- 
medicated with Innovar (0.1 ml/kg intramuscularly), anesthetized with 
intravenous sodium pentobarbitol (30 mg/kg), intubated, and venti- 
lated with a Harvard respirator. After left lateral thoracotomy, the left 
anterior descending coronary artery (LAD) was isolated and a balloon 
occluder was placed around the LAD proximal to the first diagonal 
branch. The pericardium and the chest wound were closed, leaving 
the distal end of the deflated balloon around the LAD and the proximal 
end in subcutaneous tissue. 

After a recovery period of 4 days, MRI was performed after the 
dogs were anesthetized with Innovar (0.1 ml/kg, intramusculary) and 
sodium pentobarbital (20 mg/kg, intravenously). The dogs were in- 
tubated and the proximal end of the balloon occluder was recovered 
through a small incision before imaging. A control electrocardi- 
ographic (ECG)-gated MRI study was performed before inflating the 
balloon for LAD occlusion. Thirty minutes later, another MRI study 
was obtained, during which the LAD was still occluded. After 1 hr of 
LAD occlusion, the balloon was deflated in order to reperfuse the 
jeopardized myocardium. For reduction of cardiac arrhythmias, Pro- 
cainamide (0.2 g) was injected intramuscularly and Lidocaine was 
given as a continuous (2 mg/min) intravenous infusion starting 3 min 
before reperfusion and up to 5 min after reperfusion. Then ECG- 
gated MRI studies were performed beginning 5 min after reperfusion 
and serially up to 5 hr after reperfusion. For reproduction of the 
precise plane of section, the animals were marked on the skin of their 
chests and recentered to the same centering marked after the occlu- 
sion and reperfusion procedures. After reperfusion the animals re- 
mained in identical position because anesthesia was maintained via 
an intravenous line extending outside the bore of the imager. 

The imaging protocol consisted of 10 MRI studies of each dog: 
control study (preocclusion), occlusion study (30 min after LAD occlu- 
sion), 5 min postreperfusion, and 30 min, 60 min, 120 min, 180 min, 
240 min, and 300 min postreperfusion, as well as 3 to 5 days 
postreperfusion. 

Four dogs died during the reperfusion procedure because of 
ventricular fibrillation. The experiment was completed after the last 
MR examination, 3 to 5 days postreperfusion, when the dogs were 
sacrificed. At autopsy, the LAD was inspected and proved to be open 
with a guidewire and then by direct inspection of the vessel. Each 
heart was sliced tranversely into 10-mm-thick sections from apex to 
base. The areas of reperfused infarcts were grossly visible as pale- 
colored tissue with diffusely distributed dark areas of hemorrhages 
compared to the adjacent normal pink myocardium. Each myocardial 
slice was placed onto clear film overlays, and the areas of infarction 
were drawn on the film for correlation of the site of the infarction with 
the region of abnormal signal intensity on MR images. Full-thickness 
samples of normal myocardium from the posterior left ventricular wall 
myocardium and from the center of the grossly infarcted myocardium 
of the anterior wall were placed into 10% formalin and subsequently 
stained with hematoxylin and eosin for light microscopy examination. 
These histologic samples were procured for the purpose of verifying 
the presence of infarcted myocardium after reperfusion. No attempt 
was made to grade the severity of histological changes in the center, 
periphery, or borderline zone of the infarct. 


Magnetic Resonance Imaging 


MR images were obtained in a superconductive magnet operating 
at 0.35 T (Diasonics MT/S, Milpitas, CA) with a proton resonance 
frequency of 15 MHz [8]. ECG-gated spin echo (SE) sequences with 
multislice acquisition were used to image the heart from apex to 
base. With this technique 5 contiguous slices of 10-mm thickness are 
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obtained using an image matrix of 256 x 256 pixels and averaging 2 
excitations. The pulse repetition rate (TR) in cardiac-gated studies is 
dependent on the indivdual’s heart rate. Each MR examination con- 
sisted of two sets of two different TRs gated to every heart beat (EB) 
and gated to every other heart beat (EOB). Image acquisition time 
for 2 TRs varied between 17 and 24 min. TR was equivalent to the 
R-R interval of the ECG for every beat and 2x R-R interval for every 
other beat. The shorter TR ranged from 600 to 900 msec among the 
dogs and the longer TR was 2x longer. Using two different echo 
delay times (TE), two spin-echo signals were routinely acquired at 30 
and at 60 msec. Each anatomic level was displayed in four intensity 
images designated as: SE (EB/30), SE (EB/60), SE (EOB/30), SE 
(EOB/60). 


Image Analysis 


Each series of four spin-echo MR images was analyzed for intensity 
values, relaxation times, and morphology. Intensity values were 
measured by operator-defined regions-of-interest in the anterior wall 
(area of reperfused infarct consisting of a minimum 30 pixels) and in 
the posterior wall (normal myocardium consisting of a minimum 50 
pixels). No attempt was made to size the area of myocardial infarct. 
Calculated T2 images were reconstructed from SE EOB/30 and SE 
EOB/60 images in order to differentiate between areas of high signal 
intensity in the anterior wall from intracavitary flow signal. Regions 
with T2 values longer than 100 msec or negative numbers (caused 
by even echo rephasing) [9] were considered to represent slow flow 
and were therefore excluded from measurements. T2 relaxation times 
were computed by using the standard spin-echo formula and the 
intensity values from SE EOB/30 and SE EOB/6D [10]. T1 relaxation 
times were not calculated because previous studies have shown 
inconsistent T1 data obtained from in vivo gated MR studies [11]. 

Myocardial-wall thickness was measured in both the anterior and 
posterior wall of the left ventricle on first echo images of the preoc- 
clusion study and of the occlusion study (30 mim postocclusion) and 
compared to images on the reperfusion study obtained at 60 min 
postreperfusion. The measurements were performed on the image- 
processing monitor by placing the cursor at the endocardial surface 
and at the epicardium, avoiding epicardial fat, pericardium and tra- 
beculae. The anterior wall was measured at the anterior (ventral) 
extent of the left ventricular cavity and the posterior wall was meas- 
ured just posterior to the papillary muscle insertion. Systolic images 
(approximately 340 msec after R-wave) were used for myocardial- 
wall thickness measurements. The images were at equivalent phases 
of the cardiac cycle before and after reperfusion because the heart 
rate varied less than 10% among control, occlusion, and reperfusion 
images. 


Statistical Analysis 


All values are presented as mean + 1 SD. Comparison between 
normal myocardium and infarcted myocardium for intensity values 
and T2 relaxation times were tested for statistical significance using 
the paired t-test and subsequent Bonferroni correction of significant 
levels for multiple comparisons [12]. Each dog served as its own 
control (posterior wall) because the site of infarction was shown by 
postmortem examination to be located in the anterior wall. A p value 
less than 0.05 was considered significant. The percent difference in 
MR signal intensity between jeopardized and normal myocardium 
was Calculated as follows: 


% difference | = 


| jeopardized myocardium — | normal myocardium 


x 100%, 
| normal myocardium 


where | = spin-echo signal intensity. 
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Fig. 1.—Four transverse MR images 
through the same canine heart. TR is 
gated to every second heart beat. TE = 
60 msec. * = intracavitary flow signal. A 
= preocclusion image, B = 30 min after 
left anterior descending occlusior, C = 
30 mim postreperfusion, D =60 min pos- 
treperusion. Note regional increase in 
signal intensity of the reperfused infarct 
located in tne anterior left ventricular wall 
(between arrows). Note also anterior wall 
thinning at-30 min postocclusion and rel- 
ative increase of wall thickness by 60 min 
postreperfusion. 


Results 
Pathology 


At autepsy grossly visible myocardial infarctions were ob- 
served in seven of ten dogs surviving the reperfusion proce- 
dure. In each case the infarction was located in the anterior 
wall of the left ventricle distal to the site of LAD occlusion. In 
each infarct there were multiple areas of hemorrhage, pre- 
dominantly located in the subendocardial region. Microscopic 
evaluation of anterior wall samples demonstrated gross tissue 
edema, capillary rupture, cellular necrosis, and hemorrhage. 

In the remaining three cogs, there was no evidence of 
infarction at autopsy and the myocardial samples did not 
demonstrate any signs of tissue damage. Also, all myocardial 
tissue samples from the posterior wall showed no abnormal- 
ities an light microscopy. 


Magnetic-Resonance Images 


There was no increase in signal intensity of the jeopardized 
region on the MR study performed during the one hour of 
occlusion. All dogs with pcstmortem evidence of infarction 
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demonstrated regions of high signal intensity in the anterior 
wall of the left ventricle as early as 30 min postreperfusion 
(Fig. 1). The area of high signal intensity in the anterior wall 
conformed to the site of infarction on autopsy examinations. 
There was no apparent change in size of the high signal area 
in the anterior myocardium during the 5-hr observation deriod 
after reperfusion. However, no attempt was made to cuanti- 
tate the region of high signal intensity on the MR images. 

The percent difference in signal intensity for all four intensity 
images is presented in Table 1. T1-weighted images (SE EB/ 
30) showed no significant difference in signal intensity be- 
tween damaged and normal myocardium within the first 5 hr 
postreperfusion. However, prolongation of TE to 60 msec or 
prolongation of TR to every second heart beat resulted in a 
significant difference in the group mean values for percent 
signal intensity between anterior and posterior wall of tne left 
ventricle. Best contrast was achieved with the most T2- 
weighted image (SE EOB/60). Three to 5 days post reperfu- 
sion all four intensity images displayed significantly higher 
signal intensities in the infarcted anterior wall compared with 
the normal posterior wall. In the three dogs without myocardial 
infarcts at autopsy, the anterior wall did not increase in signal 
intensity at any point in time. 
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TABLE 1: Percent Difference in Signal Intensity Between Jeopardized and Normal Myocardium 








Time? EB/30 EB/60 EOB/30 EOB/60 
Preocclusion 9+ 16.1 3.02 18.7 5.2 + 15:2 3% 18.2 
Occl 16.8 + 11.1 23.3 + 10.3 13.8 + 8.1 29.3 + 10:3 

5 19.8 + 20.1 29.5 + 27.6 27.3 + 27.1 30.1 + 33.3 
30 +7 £226 44+ 17.9? 215+8.1° 56.3 + 17.1° 
60 32 + 20.5 49.8 + 30.7° 38.7 + 20:2° 88.7 + 32.1° 

120 23.2 + 13.2 44.5 + 20.6° 36 + 18.4° 92.3 + 41.4° 

180 19.3+6.9 39.3 + 23.4° 24.7 + 18.8 76 + 36.5° 

240 19.8+ 12.2 A o o 227" 37.2 + 9.8° 65.5 + 17.2° 

300 16.1 + 11.1 41.8 + 19.4° 33.8 + 18.3° 64.7 + 17.9° 
3-5 days 20.8 + 11.0° 40.5 + 16.5° 41.3+9° 70.5 + 28.5° 


EEL 


Note.—EB = TR gated to every heart beat; EOB = TR gated to every second heart beat; 30 = TE of 30 msec; 60 = TE of 60 msec. 


Percent difference expressed as mean + SD. 


* Time after reperfusion, in minutes unless otherwise noted. Occl. = 30 min after occlusion. 


dp < 0.01. 
n< 002. 
3p < 0.05. 


TABLE 2: Left Ventricular Wall Thickness in Infarcted and 
Noninfarcted Dogs 


Ee 


Location and Time Period Infarcted (n = 7) Noninfarcted (n = 3) 





Anterior wall (jeopardized) 


Preocclusion 10.7 + 1.0 11.1+0.9 

30 min postocclusion 3. 12 8.8 + 2.9 

60 min postreperfusion 9.1+1.7 10.8 + 1.1 
Posterior wall (normal) 

Preocclusion 1 2 43 12.0 2 1.1 

30 min postocclusion Z2+1A 11.3 + 1.6 

60 min postreperfusion 11.9: 1.0 121203 


Note.—Numbers are left ventricular wall thicknesses (mm), expressed as the mean + 
SD. The thicknesses were measured on systolic images. 


The measurements of the anterior and posterior wall thick- 
ness are summarized in Table 2. All dogs with infarctions had 
myocardial wall thinning in the anterior segment of the left 
ventricle on MR examinations at 30 min postocclusion. One 
dog with normal myocardium at autopsy also showed anterior 
wall thinning 30 min postocclusion. Myocardial-wall thickness 
returned toward control values by 60 min postreperfusion in 
the dogs that developed myocardial infarctions. 


T2 Relaxation Times 


There was no significant difference in mean T2 relaxation 
times between the normal and jeopardized region on the MR 
Study performed at 30 to 50 min after occlusion. The mean 
T2 relaxation time increased significantly in the region of the 
reperfused myocardial infarct immediately after reperfusion 
(Table 3). The difference in T2 values between the jeopardized 
and normal myocardium was significant at 30 min (59.6 + 
13.1 msec) postreperfusion and remained significantly longer 
up to 5 hr postreperfusion (range: 56.3 to 67.9 msec) (Fig. 2). 
The mean T2 value for normal myocardium (posterior wall) 
measured 40.6 + 5.2 msec and remained essentially constant 
at all time intervals both during occlusion and after reperfu- 
sion. In the three dogs without infarcts at autopsy no differ- 
ence was observed in T2 relaxation times between anterior 
and posterior left ventricular wall (Table 3). 


TABLE 3: T2 Relaxation Times of Jeopardized (anterior) and 
Normal (posterior) Myocardium in Seven Dogs with Reperfused 
Infarcts and in Three Dogs Without Infarcts 











T2—1Infarct T2—No Infarct 
Time’ (msec) (msec) 
Anterior Posterior Anterior Posterior 
Preocclusion 37+4 38.6 + 5.3 365435 3927 
Occl. 46.4 + 19.2 40.7 +3.3 42.5+6.3 3754+28 
5 62.6 + 27.2 411+57 435+47 36+42 
30 59.6 + 13.1° 42.9 +3.1 354449 39.5+59 
60 56.0 E AN i 39 +7.5 37.5+29 41+48 
120 64.6 + 10.1° 4114+46 36.9+6.1 387 +4.31 
180 66.6 + 12.1° 38.4 + 4.3 40.3+57 39+84 
240 67.9 + 14.2° 406+45 41.6+6.3 40.8 +3.9 
300 62.6 + 12.0° 41+61 38.4+49 388+50 
3-5 days 69.2 + 11.3 42.6 + 6.2 412452 4064+37 
* Time after reperfusion in minutes unless otherwise indicated. Occl. = 30 min postocclu- 
sion. 
>p < 0.01. 
“p< 0.02. 
íp < 0.05. 
190 es» ese Normal Myocardium 
eon = Jeopardized Myocardium 


T2 RELAXATION TIME | msec} 


o ESS CEE 
PRE- OCCL. REP. 30 60 120 180 240 300 3-5 DAYS 


OCCL. 
TIME | min /post- reperfusion | 


Fig. 2.—T2 relaxation times of normal and jeopardized myocardium are 
plotted vs time. Data correspond to the seven dogs with proven infarcts and 
are expresed as mean +1 SD. PREOCCL. = preocclwsion control: OCCL. = 
30 min after left anterior descending occlusion, REP. =5 min after reperfusion. 
For 30, 60, 240 min: p < 0.01; for 180, 300 min, 3-5 days: p < 0.02: for 120 
min: p < 0.05. 
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Discussion 


The current study shows that ECG-gated MRI detects 
acute reperfused infarcts in vivo as early as 30 min postre- 
perfusion. The jeopardizec myocardium demonstrates high 
signal intensity caused by significantly prolonged T2 relaxa- 
tion tmes compared to normal myocardium. The T2 relaxation 
times and signal intensity values of the reperfused infarcts 
remained significantly higher compared to normal myocardium 
at all time intervals from 30 min up to 5 hr postreperfusion. 

Previous in vitro studies have found similar results after 3 
hr of occlusion and 1 hr of reperfusion [6] and 1 hr of occlusion 
and 24 hr of reperfusion [5]. Both groups observed a rise in 
T1 and 72 relaxation times after reperfusion. To our knowl- 
edge. this is the first study that demonstrates that these 
changes in relaxation times with reperfused infarcts alter 
signal intensity sufficiently to be detected in vivo using ECG- 
gated MRI. Moreover, it shows that MRI detects the abnormal 
myocardium within 30 min after reperfusion (90 min after the 
initial coronary occlusion). An earlier study done in our labo- 
ratory found significant increase in signal intensity and T2 
relaxation time of occlusive infarcts at 3 hr after coronary 
artery occlusion [13, 14]. Consequently, it appears that the 
alteretion in myocardial signal intensity and T2 occurs earlier 
for repertused infarcts. 

Multiple factors appear to play roles in the rise of relaxation 
times after coronary occlusion and reperfusion. An increase 
in total water content with a close linear relationship between 
T2 relaxation times and percent water content of normal and 
infarcted myocardium has been noted previously [15]. Is- 
chemic damage alters the behavior of relaxation decay in 
tissues by changing the dynamics of intra- and extracellular 
water and therefore contributes to the rise in relaxation times 
[16]. The loss of myocardia’ cellular membrane integrity after 
irreversible cellular injury removes the distinction between 
intra- and extracellular water and consequently affects relax- 
ation times [17]. In particular, T2 relaxation times measured 
on revertused rat hearts exhibited a decay with two compo- 
nents that could be assigned to a short intracellular T2 
relaxation time and a long component for extracellular free 
water [13]. Bleeding into the damaged myocardium also 
contributes substantially to an increase in signal intensity and 
T2 relaxation times of reper‘used myocardial tissue. Areas of 
hemorrhage tend to increase signal intensity on T2-weighted 
images [19]. Such areas cf hemorrhage were found in all 
dogs with infarcts at autopsy, which is a common finding in 
repertused infarcts [20]. Furthermore, it is possible that a 
reduction in motion of the eopardized myocardium caused 
by hypokinesia also increases signal intensity. 

In comparison with another study in our laboratory with 
occlusive myocardial infarcts [14], signal intensities and T2 
relaxetion times increased earlier when reperfusion was es- 
tablished. The percent difference in signal intensities between 
jeopardized myocardium and normal myocardium tends to be 
higher with reperfused infarcts compared with occlusive in- 
farcts After 30 min of reperfusion, spin-echo sequences with 
longer TR values (gated to every other heart beat) rendered 
significantly higher signal intensities in the damaged anterior 
wall compared with the normal posterior wall of the left 
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ventricle. These findings are in agreement with previcus re- 
ports, which stated that an ischemic myocardial zone has a 
marked increase in water content caused by the reflow after 
reperfusion [21]. 

On spin-echo images, T1 differences are accentuated with 
short TR (EB) and TE (30 msec) and T2 differences are 
accentuated on longer TR (EOB) and TE (60 msec) values. In 
the current study, images with long TR produced better 
contrast between reperfused and normal myocardium at 30 
min and more after reperfusion. 

Myocardial-wall thinning as a sequela of acute ischemia 
has been demonstrated by computed tomography [22] and 
echocardiography [23], as well as on MR images [14]. Myo- 
cardial-wall thickness increased again with reperfused infarcts 
after 60 min of reperfusion. Reflow seems to cause an in- 
crease in thickness of the ischemic myocardial wall even if 
there is a large area of infarct [24]. 

With the advent of thrombolytic therapy in order to limit 
infarct size, assessment of the effectiveness of such interven- 
tions is important. In our study, MRI displayed acute “eper- 
fused myocardial infarcts as regions of high signal intensity 
after 30 min of reperfusion. Thus, MRI, as a noninvasive 
imaging technique, could be helpful in the management of 
patients receiving thrombolytic therapy. To our knowedge, 
no imaging technique demonstrates ischemically damaged 
myocardium as early as MRI did in this study. It will be 
important to determine if this region of high signal intensity 
always is indicative of irreversibly damaged myocardium. 
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MRI of Blood Flow: Correlation 
of Image Appearance with Spin-Echo 
Phase Shift and Signal Intensity 





Phase-sensitive imaging was used to correlate signal distribution with phase shift 
and velocity distribution in spin-echo magnetic resonance imaging (MRI). Flow-depend- 
ent, changing intensity patterns that were seen in a constant-flow phantom study were 
explained by the simultaneous effects of inflow signal enhancement, first-echo dephas- 
ing, and outflow signal loss occurring during laminar flow. In clinical studies, first-echo 
dephasing was shown during laminar flow in the inferior vena cava. Turbulent flow was 
demonstrated in the descending thoracic aorta during late systolic flow, and turbulent 
dephasing-rephasing was shown in the abdominal aorta. 


Numerous studies have described the effects of flow in magnetic resonance 
imaging (MRI) and have discussed the mechanisms involved [1-12]. In a review of 
the subject, Axel [13] discussed the effects in detail. These include signal enhance- 
ment caused by inflow of unsaturated spins into the image section, signal loss 
caused by outflow of excited spins from the section, and dephasing of signal 
caused by motion along magnetic field gradients. Signal intensity is determined by 
the combined effect of these mechanisms, and an understanding of their relative 
contributions requires a knowledge of intensity distribution across the vessel, as 
well as intensity changes with velocity. The velocity distribution across the vessel 
is also important to determine the laminar or turbulent nature of flow and the 
velocity gradient across each voxel. We used spin-echo (SE) imaging and a 
combination of intensity and phase-sensitive image reconstruction to determine the 
intensity and phase-shift profiles across the vessel and to correlate these with 
image appearances. 


Materials and Methods 


Imaging was performed with a 0.35 T iron-core system using dual-echo SE sequences 
and selective 90° and 180° pulses. The two-dimensional Fourier transform technique was 
used for image reconstruction. The intensity image was constructed from the modulus of the 
frequency data. The imaginary component of the frequency data was divided by the real 
component and the principal value of the arc tangent of this ratio was calculated. This value 
was used to construct the phase-sensitive image. Multislice acquisition was performed with 
an acquisition matrix of 64 x 128 voxels, and five sections of 0.4 cm were acquired in each 
sequence, with a 0.1 cm gap between sections. Voxel size was 0.1 Xx 0.1 cm. 

A simple flow phantom was constructed from plastic tubing of 0.96 cm internal diameter. 
The tube was immersed in a container of bovine blood to provide stationary control data, and 
blood was circulated through the tubing by means of a constant flow pump. The direction of 
flow was from the first to the fifth imaging section, so that slice 1 was the entry slice. Images 
of the flow phantom were obtained with repetition times (TRs) of 0.5 and 1.0 sec and echo 
times (TEs) of 28 and 56 msec. When using the 1.0 sec TR, the pulse sequences for 
successive slices were evenly spaced at 0.2 sec intervals. 

Intensity images and phase-sensitive images were reconstructed for each slice. Voxel-by- 
voxel intensity and phase-shift profiles were drawn vertically across the slices to quamtitate 
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Fig. 1.—Section 1 of five-section mul- 

1St Echo 2 nd Echo tislice sequence: transaxial images of 

blood flowing through tube having 0.96 

Phase Image Intensity Image Intensity cm inner diameter together with first-echo 
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velocity-related changes seen in the images. Images and image 
profiles were obtained at zero flow and at flow rates ranging from 95 
ml/min to 1200 ml/min. These flow rates correspond to mean veloc- 
ities of 2.2-28 cm/sec. 

Average first-echo signal intensity was plotted against flow for 
each of the five image slices to determine the effect of slice location 
in the multislice sequence on net image signal. In single-slice imaging, 
inflow signal enhancement depends on the distance that must be 
traversed by fully magnetized spins in crossing the slice and is 
determined by slice thickness and velocity. In multislice imaging as 
well, enhancement depends on velocity and slice depth and thickness, 
but in this case, exposure to 90° pulses in previous slices reduces 
the range of velocities that allow unsaturated spins to reach the 
image slice. A plot of 90° pulse location vs. time was used. to 
calculate velocities that would allow unsaturated spins to reach image 
sections 2-5. 

Numerous Clinical studies of the thorax and abdomen were ex- 
amined to determine the role of phase changes and flow pattern in 
producing the appearances usually described as flow effects. Phase 
and intensity profiles were drawn across the aorta and inferior vena 
cava (IVC) in electrocardiogram (ECG)-gated and nongated studies, 
and results were correlated with image patterns. These studies had 
been performed with a 0.35 T superconducting system, again using 
the dual-echo SE technique, a TR of 2.0 sec, and TEs of 28 and 56 
msec. Slice thickness was 0.7 cm, with 0.2 cm gaps between slices, 





phase profile and first- and second-echo 
intensity profiles. Profiles were plotted 
along vertical line through center of tube. 
(In center of image, there is distortion 
along horizontal axis, but this does not 
affect vertical axis.) Tube is surrounded 
by stationary blood, intensity of which is 
(0) indicated on side of intensity profile. 
Phase distribution across tube was par- 
abolic at all flow velocities. Inflow en- 
hancement (increase in intensity above 
stationary levels, maximal centrally) was 
seen throughout slice at 2.2 cm/sec. Out- 


2.2 = flow signal loss (central decrease in inten- 
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5 first-echo dephasing (peripheral decrease 
in intensity, followed by increase in sec- 
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and images were acquired in multislice sequences of 20 slices. Voxel 
size was 0.17 x 0.17 cm, and an acquisition matrix of 128 x 256 
was used. 


Results 


The results shown in figures 1 and 2 were obtained with 
TRs of 1.0 sec. Figure 1 shows first-echo phase profiles 
together with first- and second-echo intensity profiles and 
images taken from the entry slice of the five-slice sequences. 
Figure 2 shows the same series of profiles and images from 
the fourth slice in the sequence. 

The first-echo phase profile across the vessel was parabolic 
at all flow rates up to 600 ml/min and was identical in all 
sections. Above this flow rate, insufficient signal was obtained 
for phase determination. At zero flow, there was no phase 
shift across the lumen of the tube, and the phase-sensitive 
image was uniform. With increasing flow velocity, phase shift 
increased and the phase gradient became steeper. This 
change in phase was from motion along the slice-selection 
gradient, which is perpendicular to the direction of flow and 
accumulates at a rate proportional to velocity [14], so that 
the range of phase shifts across the vessel is proportional to 
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Fig. 2.—Section 4 of five-section mul- 
tislice sequence: transaxial images and 
image profiles, as in fig. 1. The phase 
distribution across the tube was perabolic 
at all velocities, but intensity distribution 
differed fram section 1. Less enhance- 
ment was seen at lower velocities and, in 
center of tube, enhancement was ex- 
ceeded by outflow signal loss unti mean 
velocity of 4.6 cm/sec was reached. As 
velocity increased, intensity differences 
between two sections decreased, and, by o 
9.3 cm/sec, intensity distribution in the 
two sectioms was approximately equal. 
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the range of velocities. The parabolic phase and velocity 
distribution here showed that flow was laminar, at least up to 
a flow rate of 600 ml/min, which corresponds to a mean 
velocity ef 14 cm/sec and < maximum velocity of 28 cm/sec. 

The intensity profiles and first- and second-echo images 
showed a series of concentric ring patterns, as shown in 
figures 1.and 2. Similar patterns were seen in the other three 
sections. Three separate components could be demonstrated 
in these patterns: inflow signal enhancement, outflow signal 
loss, and first-echo signal dephasing. 

Inflow enhancement can be identified where there is an 
increase in intensity of flowing blood exceeding the intensity 
of adjacent stationary blood In the entry slice (fig. 1), enhance- 
ment was seen throughout the slice at the lowest flow rate 
of 95 ml/min, which corresponds to a mean velocity of 2.2 
cm/sec. in laminar flow, this is sufficient to replace all but the 
most peripheral partly saturated spins in the slice during one 
TR. In the fourth slice (fig. 2), which lies at a depth of 1.5-1.9 
cm from the entry plane, erhancement was also apparent at 
2.2 cm/sec, but this was much less and was only seen in a 
part of the slice. In the center of the tube and at the periphery, 
signal intensity fell below the intensity of the stationary blood, 
indicating that enhancemen: was exceeded by outflow signal 
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loss centrally and by first-echo dephasing peripherally. Similar 
intensity patterns were seen in the other three slices, and the 
graph of average intensity vs. flow (fig. 3) shows a reduction 
in intensity with each increase in slice depth. Figure 3 also 
shows an initial increase in intensity in all slices. Thereafter, 
intensity decreased with increasing velocity, but in slices 4 
and 5 there was another increase in 4.6 cm/sec (200 ml/min) 
and a local minimum at 2.9 cm/sec (125 ml/min). Finally, the 
intensity values in the five sections converged with increasing 
flow, and by 9.2 cm/sec (400 ml/min) average intensity was 
approximately equal in all slices. 

Figure 4 shows a plot of time vs. location of the 90° pulse 
in the imaging volume. The straight lines drawn on this graph 
represent fluid volume elements that originate at a point just 
outside the first slice and flow through the five slices at a 
given velocity, which is defined by the slope of the line. 
Exposure of a spin to a 90° pulse occurs when the location- 
time plot of the spin intersects the location-time plot of the 
pulse. Inflow enhancement in a particular slice can only be 
produced by spins that have not coincided with the pulse in 
an earlier slice. The range of flow velocities at which this is 
possible can be determined from the slopes of the spin 
location-time plots that allow the spin to reach the slice 
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Fig. 3.—Average signal intensity as function of mean flow velocity and 
section depth in five-slice imaging volume. Intensity decreased as slice depth 
increased, and difference between slices was most marked at flow velocities 
under 4.6 cm/sec. Above this velocity, intensity differences decreased, and at 
9.3 cm/sec intensity in all slices was approximately equal. 
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Fig. 4.—Inflow signal enhancement and flow velocity. Location of 90° pulse 
in five-slice imaging volume is plotted against time through two successive 
TRs. Straight lines represent fluid volume elements that start outside first slice 
and flow through imaging volume at velocity defined by slope of line. Velocities 
that will produce inflow signal enhancement are shown for each of the five 
sections. Depth at which a spin is exposed to 90° pulse is determined by point 
of intersection of time-location plot of spin with time-location plot of pulse. At 
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without coinciding with the pulse on the way. The graph 
demonstrates that enhancement cannot occur at a flow ve- 
locity equal to the speed with which the pulse sequence 
moves through the imaging volume (2.5 cm/sec). At this 
velocity a spin will coincide with a 90° pulse in the very first 
slice or not at all. 

Above this velocity, unsaturated spins begin to reach the 
deeper slices, and by a velocity 4.5 cm/sec fully saturated 
spins fill the full thickness of each slice between pulses. This 
higher velocity component of enhancement is unaffected by 
slice depth and occurs equally in all sections. Below 2.5 cm/ 
sec, it is also possible for unsaturated spins to penetrate to 
the deeper slices, but this lower velocity component of en- 
hancement decreases with increasing depth. In the entry slice, 
low-velocity enhancement becomes apparent immediately 
and is seen throughout the slice at 0.4 cm/sec, while in slice 
5, it only occurs between 2.3 and 2.5 cm/sec and only reaches 
the distal 0.25 cm of the slice. 

The graph also shows that using a TR ef 0.5 sec with a 
0.1 sec interval between pulses in adjacent slices, a given 
degree of enhancement would require a twofold increase in 
velocity, as the same distance must be traversed in half the 
time. However, this would not produce the same overall 
intensity distribution, as signal loss from outflow and dephas- 
ing would be greater. Figure 5 shows a comparison of images 
obtained at 2.2 and 4.6 cm/sec mean velocity, using TRs of 
0.5 and 1.0 sec. The degrees of enhancement seen with a 
TR of 0.5 sec at 4.6 cm/sec mean velocity and with a TR of 
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2.5 cm/sec, spin will coincide with pulse in first slice or not at all and cannot 
produce enhancement in deeper slices. Above 25. cm/sec (“high-velocity en- 
hancement”), enhancement is proportional to velocity, and full enhancement is 
achieved in all slices at 4.5 cm/sec (broken lines). Below 2.5 cm/sec (“low- 
velocity enhancement”), range of velocities allowing enhancement (solid lines) 
depends on slice depth, and this range is given for each slice. 
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Fig. 5.—First-echo images obtained 
with TRs o' 0.5 and 1.0 sec. similar image 
patterns were seen with TR 0.5 sec, 
mean velacity 4.6 cm/sec, and TR 1.0 
sec, mean velocity 2.2 cm/sec. Enhance- 
ment in the two images was comparable, 
but there was more outflow signal loss 
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turbulent flow in aorta. Nongated study. 
First-echo dephasing, with irregular 
phase distrdution, followed by second- 
echo rephasing and uniform phase distri- 
bution. Intensity distribution is uneven in 
both echoes, but there is an absolute 
increase in intensity in second echo 
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1.0 sec & 2.2 cm/sec mean velocity are similar and conform 
to the expected relation between enhancement and interval 
between adjacent pulse secuences. 

Signal loss caused by outflow of excited spins was seen in 
all image slices and at all flow rates. This effect was seen as 
a central loss of signal intensity, which was greater in the 
second-echo image than in tne first. The effect was best seen 
at low velocities in the deeper slices (fig. 2), where it was not 
obscurediby enhancement, and at high velocities in all slices, 
where it exceeded enhancement. At flows above 600 ml/min 
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(14 cm/sec mean velocity), outflow of excited spins caused 
loss of all signal from the second echo, apart from a thin rim 
of slow flow immediately adjacent to the wall of the tube. 
Signal loss caused by odd echo dephasing [15] was iden- 
tified by low first-echo intensity followed by higher second- 
echo intensity in the same region, relative to stationary signal 
levels. The effect was most apparent peripherally and was 
identified at all flow rates in all slices (figs. 1 and 2). The 
intensity profiles showed an increase in signal in the second 
echo compared with the intensity of stationary blood, and this 
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Fig. 8.—Late-systolic turbulence in descending thoracic aorta. ECG-gated 
study, single echo, showing images obtained with delays of 0-400 msec after 
R wave. Full cycle length was 900 msec. Phase and intensity patterns char- 
acteristics of laminar flow are seen at end-diastole (zero delay) and beginning 
of systole (100 msec). In midsystole (200 msec), rapid flow causes loss of 
signal. In late systole (400 msec), flow slows and signal returns, but distribution 
of phase and intensity is now irregular, indicating turbulent flow. 
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could only have been caused by first-eche dephasing, fol- 
lowed by second-echo rephasing. The effect was maximal at 
the periphery of the vessel, where phase variation was high- 
est, and increased as velocity variation across the vessel 
increased with flow. 

The data from sections 2, 3, and 5 showed the same 
phase-intensity relations. Highest average signal was seen in 
slice 1, the entry slice, and thereafter there was a progressive 
decrease to slice 5 (fig. 3). 

Figures 6-8 show transaxial images of the IVC and the 
aorta from three different clinical studies, together with cor- 
responding phase and intensity profiles. Flow in the IVC is 
essentially nonpulsatile, and the first-echo phase profile 
across the IVC (fig. 6) was parabolic, indicating laminar flow. 
There was a peripheral rim of low signal in the first echo, 
followed by increased signal in the second, which corre- 
sponded to the region of maximum phase gradient and was 
characteristic of dephasing. The second-echo phase profile 
was approximately uniform. Centrally, signal decreased in the 
second echo, due to increased outflow of excited spins. 
Figure 7 shows a nongated study of the abdominal aorta. 
Here the first-echo phase distribution was irregular and did 
not follow the parabolic distribution seen with laminar flow. 
Intensity distribution also was irregular; this pattern is con- 
sistent with turbulent flow, which could be expected to cause 
irregular variation in net longitudinal flow velocity. Second- 
echo intensity distribution remained irregular, but there was 
an absolute increase in intensity, indicating a dephasing- 
rephasing effect. This was confirmed by the second-echo 
phase profile, which showed no significant phase shift across 
the vessel. 

Figure 8 shows an ECG-gated study of the descending 
aorta. The end-diastolic and first systolic frames showed a 
parabolic phase distribution as evidence of laminar flow. As 
flow quickened, signal was lost and phase could not be 
determined. Signal returned with decelerating flow in late 
systole, but the phase distribution was now irregular, indica- 
ting turbulence in this later part of the cardiac cycle. 


Discussion 


The flow phantom study demonstrates the simultaneous 
effects of inflow enhancement, outflow signal loss, and first- 
echo dephasing during laminar blood flow. These three effects 
produced a series of ring patterns that varied with flow 
velocity, TR, TE, and slice position in the multislice sequence. 
The appearances were similar to flow patterns described on 
MR images by a number of observers [1-4, 6-10], and some 
of the underlying flow effects have long been recognized from 
nonimaging studies [14]. 

Motion along a magnetic field gradient produces a shift in 
phase angle of the precessing nuclei. The gradient pulse 
sequences used in imaging cause a velocity-dependent phase 
shift at the time of the first and subsequent odd-numbered 
echoes, with no phase shift at the second and other even- 
numbered echoes. Hahn [16] first showed that the phase 
shift caused by a velocity, v, along a constant field gradient, 
g, at the time of the first echo, 27, is given by A® = ygvr*, 
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where ~ is the gyromagnetic ratio. A similar relation holds for 
pulsed field gradients [15], so that phase shift at any point in 
the flow channel is directly proportional to velocity. We used 
this relation to determine velocity profiles across the vessel 
from the accumulated shifts in each voxel. These profiles 
were parabolic at all velocities up to a mean velocity of 14 
cm/sec, indicating laminar flow. 

Signal amplitude in any voxel is determined by the vector 
sum of the spin phases in the voxel. As was pointed out by 
Moran and Moran [17] and by Axel [13], this depends on the 
range of velocities and phase shifts in each voxel. Uniform 
phase snift causes no reduction in signal, regardless of mag- 
nitude. We found that signal reduction was greatest periph- 
erally, where the velocity gradient was highest and the ab- 
solute velocity was lowest As velocity increased, the velocity 
gradient became steeper and first-echo signal loss from de- 
phasing increased. The effect was clearly apparent only in 
the outer voxels; any dephasing effect centrally was small, as 
would be expected from the phase distribution, and was 
obscured by other flow effects. Signal loss from first-echo 
dephasing and loss from outflow of excited spins can be 
distinguished on the second echo: dephasing is followed by 
rephasing and higher signal, while outflow produces lower 
signal. 

First-echo dephasing is often seen in clinical imaging; an 
example is shown in the IVC in figure 6. The intensity images 
show peripheral dephasing-rephasing within the IVC, and the 
phase profile shows that this occurs in the region of greatest 
phase shift. Little phase shift or loss of first-echo signal is 
seen in the center of the vessel, and here intensity decreases 
in the second echo because of the increased outflow signal 
loss. 

Dephasing is not only sen with laminar flow. Variation in 
net longitudinal velocity and phase shift also occurs in turbu- 
lence, without following the same regular pattern. This results 
in irregular variation in signal interference from voxel to voxel, 
producing a more random distribution of signal amplitude and 
image intensity. An example of turbulent dephasing-rephasing 
in the abdominal aorta is shown in figure 7. 

Signal enhancement from inflow of fully magnetized spins 
and signal loss from outflow of excited spins both increase 
with flow velocity and are maximal in the center of the lumen. 
Enhancement is possible when recovery of longitudinal mag- 
netization by stationary nuclei is incomplete, so that the next 
free induction decay is reduced in amplitude. This is significant 
when the TR is of the order of the T1 relaxation time of the 
tissue or less. Fully magnetized blood that enters the imaging 
section then gives rise to a greater signal than does stationary 
blood or surrounding tissue of the same T1. In single-slice 
imaging, enhancement depends on flow velocity, TR, and 
slice thickness, and the relation between these variables was 
derived by Wehrii et al. [18] in a recent publication. Maximum 
enhancement occurs when all partly saturated spins are re- 
placed between pulse sequences, and this is reached when 
velocity = section thickness/TR. 

In muitislice imaging, enhancement in the second and sub- 
sequent slices depends also on exposure of potentially en- 
hancingespins to 90° pulses in preceding slices. An explana- 


MRI OF BLOOD FLOW 937 


tion of differences in enhancement between slices trat was 
proposed by Bradley et al. [9, 10] failed to consiœŒr this. 
Saturation of spins in preceding slices was determmed by 
flow velocity, and the relation between velocity and erhance- 
ment was derived in figure 4. At 2.5 cm/sec, which is the rate 
at which the imaging plane is moved through the inaging 
volume, no enhancement is possible. Above 2.5 cm/sec, 
enhancement is directly proportional to velocity, uD to a 
maximum at 4.5 cm/sec. At this velocity, all partly sa-urated 
spins in each slice are replaced by fully magnetized spins 
before the next pulse, and no further signal increase can 
occur. This “high-velocity enhancement” occurs equafby in all 
slices and depends on slice thickness, the width of any gap 
between slices, and the interval between pulse sequences in 
successive slices. Enhancement at velocities below 2.5 cm/ 
sec depends on these variables as well, but also depends on 
the number of preceding slices in the multislice secuence. 
The 90° pulse in each preceding slice reduces the renge of 
velocities that allow unsaturated spins to reach the image 
slice and so reduces signal enhancement. In laminar flow, the 
velocities at a given flow rate range from zero at the vessel 
wall to twice the mean velocity at the center of the vessel, so 
that in this experiment both “high-” and “low-velocity er hance- 
ment” are present at all flow rates. 

Loss of signal results when spins that were in the imaging 
section at the 90° pulse leave the section before the second 
or both 180° pulses. The first and second 180° pulses occur 
at 14 and 42 msec, respectively, so that a spin must remain 
in the image section three times longer to receive the second 
pulse than to receive the first. As a result, three times as 
much signal is lost from the second echo as from the first. 
Outflow signal loss is linearly related to velocity and al signal 
is lost when velocity = section thickness/t, where t is tne time 
between the 90° and 180° pulses. With a slice thickness of 
0.4 cm, this cutoff velocity is 9.5 cm/sec for the secord echo 
and 28.6 cm/sec for the first. Above these velocities, no signal 
is received. 

Outflow signal loss, echo dephasing-rephasing, and the 
higher velocity component of inflow enhancement are all 
independent of section depth and are the same from Slice to 
slice. “Low-velocity enhancement” is the only effect that does 
depend on slice position and is responsible for the differences 
in signal amplitude and distribution that are found b2tween 
slices. As flow increases and the significance of its lower- 
velocity component decreases, the intensity differences be- 
tween slices also decrease until they become insignificant. 
Figures 1-3 show that this occurs at about 14 cm/se> mean 
velocity, and at higher velocities all slices have the same 
appearance. The local minimum in intensity, which was noted 
in figure 3 in the two deepest slices at a mean velocity of 2.9 
cm/sec is from the low level of low-velocity enhancement, 
which is exceeded by outflow signal loss at this dep:h. The 
subsequent increase in intensity at 4.6 cm/sec resul’s from 
an increase in “high-velocity enhancement”, which is obscured 
in the more superficial slices. 

The series of flow-dependent ring patterns obtainec in this 
experiment can be explained fully on the basis of erhance- 
ment, outflow, and dephasing. In the images of the entry slice 
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(fig. 1), maximum enhancement is already seen at 2.2 cm/sec 
mean velocity and largely obscures outflow. At higher flow 
rates, outflow increases and becomes obvious centrally, par- 
ticularly in the second echo. Thereafter, peripheral signal loss 
from dephasing becomes predominant in the first echo and 
continues to increase until all signal is lost. In slice 4 (fig. 2), 
low velocity enhancement is much less than in slice 1 and 
Outflow is clearly seen at all flow rates. Enhancement does 
not become obvious in this slice until a mean velocity of 4.6 
cm/sec is reached, when high-velocity enhancement pro- 
duces a sharp increase in signal centrally, changing this from 
the least intense to the most intense region in the image. By 
9.3 cm/sec, outflow and dephasing have reduced signal to 
the same level in all slices. Such a pattern of concentric rings 
was first described by Kaufman et al. [1] when imaging flowing 
blood in a constant-flow phantom, and other authors have 
described similar appearances since [2-4, 6-10]. Review of 
the published data indicates that these findings also could be 
explained by a laminar flow model, as described here. 

Simultaneous flow effects, overlapping in a single image, 
can be differentiated only by the differences that they produce 
in signal distribution across the vessel and cannot be dem- 
onstrated without a knowledge of the intensity profile. Studies 
of averaged section intensity can show net signal changes, 
but cannot separate simultaneous effects, such as inflow 
Signal enhancement and outflow signal loss, as seen in figures 
1 and 2. Relationship of intensity to velocity and differences 
between first and second echoes are also important in differ- 
entiating flow effects, but these too require a knowledge of 
intensity distribution for correct interpretation. As a result, 
Studies of averaged intensity alone [1-3, 9, 10] have not 
revealed all the overlays of flow effects that actually occur. 
Finally, the velocity profile must be known, and, for laminar 
flow, this can be determined from the direct relationship 
between phase shift and velocity. 

The role of turbulence in MR flow effects has not been 
clearly established. Bradley et al. [9, 10] proposed turbulence 
as the cause of peripheral signal loss that they noted in flow 
phantom images. They showed signal loss at velocities of 
20-30 cm/sec, with Reynolds number (Re) values of 2000- 
3000. However, their observations could be explained equally 
well on the basis of first-echo dephasing and outflow signal 
loss, occurring in laminar flow, particularly as peripheral sec- 
ond-echo rephasing was prominent in their images [9]. The 
Signal patterns that they demonstrated with water were sim- 
ilar to the patterns that we found with blood at the same flow 
rates; this would be consistent with laminar flow in both cases. 
Also, their observations were made with water, and much 
higher velocities would be required to reach the same Re 
values with blood. In our experiment, first-echo dephasing 
became obvious at Re 210 (4.6 cm/sec mean velocity), and 
all visible signal was lost at Re 840 (18.6 cm/sec mean 
velocity). At these values turbulent flow is unlikely. 

On the other hand, it has been shown that peak Res of 
over 3000 are reached in the thoracic aorta in the dog and in 
man, and velocity vs. time recordings have shown turbulence 
during deceleration of systolic flow in the dog aorta [19]. 
Decelerating flow is known to be less stable than steady or 
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accelerating flow, so that turbulence is more likely in this 
phase of the cardiac cycle [19]. George et al. [6] studied a 
pulsatile flow phantom using an instantaneous flow meter and 
found differences in MR signal intensity in systole and dias- 
tole, despite the same instantaneous flow rates. This signal 
variation cannot be explained on the basis of laminar flow and 
is consistent with an effect of acceleration on the velocity of 
development of turbulence. Our results in man also demon- 
Strated transformation of laminar flow to turbulent in the 
descending thoracic aorta. At the beginning of the cardiac 
cycle, when flow was slowest, the intensity showed rings of 
signal variation similar to the patterns seen in the phantom 
flow studies, and phase distribution was approximately par- 
abolic. As flow increased during ventricular contraction, flow 
velocity caused loss of signal. When flow slowed again in late 
systole, signal reappeared, but distribution of phase and 
intensity was now irregular, indicating that flow had become 
turbulent. 

While turbulent flow does occur in the aorta, the nature of 
flow in the more peripheral arteries is not known. Recalcula- 
tions are unlikely to provide further information, as these 
calculations apply to constant flow and do not allow for the 
acceleration and deceleration of pulsatile flow. Under constant 
flow conditions, turbulence would be expected at high veloc- 
ities, where outflow of excited spins would already have 
markedly reduced signal intensity. However, deceleration de- 
Stabilizes flow, producing turbulence at lower velocities, as 
seen in figure 7. In abnormal circumstances the probability of 
turbulence is even higher, as any irregularity of the vascular 
surface also reduces the stability of flow. 
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Sectional Human Anatomy. By Man-Chung Han and Chu-Wan Kim. Seoul, Korea: llchokak, 224 pp., 1985, $40 


This beautifully illustrated book on cross-sectional, Sagittal, and 
coronal human anatomy correlated with CT, and in some instances 
with MRI, is another of the several atlases published in the past few 
years to provide medical students, radiology residents, and practicing 
radiologists with an easy reference for correlative cross-sectional 
anatomy. This book is divided into four parts: brain, head, and neck: 
chest; abdomen and pelvis; and MRI of the three areas. Cross- 
sectional anatomy of the extremities is not included. Magnificent color 
illustrations of both cross-sectional, sagittal, and in some cases, 
coronal cadaver anatomic slices are displayed next to full-page CT 
scans Of live patients. In most cases, the match between the CT and 
the anatomic slice is good; however, there are discrepancies because 
it was not possible for the authors in all cases to obtain a good match 
between CT scan and anatomic slice. Obviously, there is distortion 
of some of the anatomic structures, which is inevitable when com- 
paring two CT scans in live patients. 

The labeling of anatomic structures is extensive on both the color 
plates and the CT photographs. Not all structures are labeled on 
each section so that there is a need to consult preceding or subse- 
quent pages for identification of unlabeled structures. 

One of the major benefits of this atlas is that both the color plates 


and the CT scans are of excellent quality and each plate or scan 
takes up a whole page; this large size is a great advantage over 
some other atlases. The CT scans are of good quality obtained on a 
modern high-resolution CT scanner. However, generally, the window- 
ing is such on the CT scan that they are a little too dark. 

The section on material displayed by MRI was obtained with a 
0.15-T resistive magnet. The images are not quite state-of-the art 
quality. Furthermore, they would have been of greater use in this 
atlas if they had been put next to a color anatomic image, even if it 
had been a repeat of one used in the CT section. However, even the 
Sagittal and coronal anatomic slices in the absence of CT or MRI 
direct correlation are useful for interpretation of MR scans. 

In general, this book fulfills its role of providing sectional human 
anatomy that is easily readable and understandable. | think the book 
is a good CT anatomic correlation and will be of use for students of 
cross-sectional anatomy. It should not, however, be considered a 
definitive MR anatomic atlas. 


Henry |. Goldberg 
University of California, San Francisco 
San Francisco, CA 


Radiology Today 3. Edited by M. W. Donner and F. H. W. Heuck. Heidelberg: Springer-Verlag, 203 pp., 1985. 


$55 


This book is a compendium of radiology papers presented at a 
multinational postgraduate course in Salzburg, Austria in June 1984. 
The faculty is unusually distinguished. The first half of the book deals 
with the authors’ thoughts on current diagnostic pathways (avoiding 
the term algorithm) in the abdomen, genitourinary tract, retroperito- 
neum, and pelvis. A far-reaching array of problems is presented 
ranging from their approach to hepatic, pancreatic, adrenal, and renal 
masses, to the evaluation of the male and female lower urinary tract. 
All imaging techniques are encompassed, although reference to MRI 
is slight, in view of the date of the symposium. 

The role of interventional radiology in the gastrointestinal and 
genitourinary tracts is the subject of the second half of the book, 


again with a wide spectrum of topics. A smatteringeof papers on cost 
containment completes the edition. 

The book generally reads well, and the presemtations are short 
and concise. However, the reader may well have to seek more in 
depth discussions elsewhere for more than a superficial overview. 
On the other hand, because of the vast experience of the authors, 
the papers are loaded with helpful hints and pearls. It is second best 
to being in Salzberg in the spring. 


Chester J. Kay 
North Hills Passavant Hospital 
Pittsburgh, PA 15237 
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MRI of Congenital 
Abnormalities of the Great 
Arteries 





ECG-gated MRI was performed at 0.3 T or 1.0 T in 19 patients, aged 6 years to 18 
years, for suspected congenital abnormalities of the aorta (13 patients) or pulmonary 
artery (six patients). Seventeen of the patients were also evaluated by echocardiogra- 
phy, and 14 had angiograms. In 11 patients, MRI demonstrated lesions that echocar- 
diography either failed to visualize or found inconclusive, including supravalvar aortic 
stenosis (one patient), coarctation of the aorta (three patients) hypoplastic aortic arch 
(one patient), and pulmonary artery hypoplasia or stenosis (six patients). MRI comple- 
mented echocardiographic diagnosis in four patients with Marfan’s syndrome and in 
one with coarctation. One mild recurrent coarctation demonstrated angiographically was 
not visualized by MRI or echocardiography. The eight other angiographic studies of the 
aorta confirmed MRI findings. In all six MRI studies of the pulmonary arteries, obstructive 
lesions were revealed that had not been completely visualized on echocardiography or 
angiography. MRI is an excellent noninvasive method of depicting congenital abnormal- 
ities of the great arteries and may provide otherwise unobtainable information. 


While many abnormalities of the aorta and pulmonary arteries may be visualized 
by two-dimensional echocardiography, these vessels sometimes defy detection 
because of poor sonic transmission through the chest wall and lungs. Conse- 
quently, potentially hazardous angiographic procedures are usually necessary for 
precise diagnosis. Furthermore, angiographic opacification of the pulmonary arter- 
ies may be difficult or impossible to accomplish because of lack of flow through 
the pulmonic valve, while in other cases, pulmonary angiography may be contrain- 
dicated because of severe pulmonary vascular disease. 

Recent articles on the use of MRI of congenital cardiovascular abnormalities 
have emphasized the role that this noninvasive technique plays in demonstrating 
congenital intracardiac abnormalities [1-5]. Several reports also recommend MRI 
as a method of imaging coarctation of the aorta [6-8], palliative systemic-pulmonary 
artery shunts [9], and positional abnormalities of the great arteries as well as aortic 
abnormalities associated with abnormal blood flow in such lesions as Eisenmen- 
ger’s syndrome, tetralogy of Fallot, and persistent truncus arteriosus [3, 7]. We 
therefore elected to determine the extent to which MRI may complement or replace 
echocardiography and angiography in children with suspected congenital abnor- 
malities of the aorta or pulmonary arteries. 


Subjects and Methods 


We obtained approval from the Food and Drug Administration and the Institutional Review 
Board of University Hospitals of Cleveland, to perform MRI on 20 patients, aged 6 years 
through 18 years (mean age 11 years), with suspected abnormalities of the great arteries. 
Informed consent was obtained in all cases. One MRI study in a four-year old patient with 
suspected coarctation was deemed inadequate because of motion artifacts and was excluded 
from this investigation. Diagnoses before MRI in the remaining 19 patients included aortic 
valve stenosis (one patient); Marfan’s syndrome (four patients); coarctation of the aorta (four 
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TABLE 1: Findings in Patients with Aortic Abnormalities 
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Case No. (age, gender) Clinical Diagnosis MRI Findings Echocardiogram Findings Angiogram Findings 
1 (10,M) Valvar AS Supravalvar AS Valvar AS Valvar and supra- 
valvar AS 
2 (14,F)  Marfan’s Dilated aorta Dilated aortic Dilated aorta 
root 
3 (16, M) Marfan’s Dilated aorta Dilated aortic — 
root 
4 (18, M) Marfan’s Dilated aorta Dilated aortic — 
root 
5 (17,M) Marfan’s Dilated aorta Dilated aortic — 
root 
6 (14,M) Coarctation Coarctation, Not visualized Coarctation 
collaterals collaterals 
7 (6, F) Coarctation Coarctation Not visualized Coarctation 
8 (12,M) Coarctation Coarctation Mild coarctation Coarctation 
9 (10,M) Coarctation Coarctation Partial visualiza- Coarctation 
tion 
10 (9, F) Post coarctec- Normal aorta Not visualized — 
tomy 
11 (7, F) Post coarctec- Normal Not visualized Mild coarctation 
tomy 
12 (10, F) Post coarctec- Hypoplastic aortic Not visualized Hypoplastic aortic 
tomy arch arch 
13 (11,F) Vascular ring Vascular ring — Right aortic arch 
Note.—AS = aortic stenosis; dash (—) = no study was done. 


patients); postoperative coarctation (three patients); vascular ring 
(one patient); and pulmonary artery hypoplasia, discontinuity, or 
stenosis (six patients). 

In eight patients, MRI was performed with a 0.3-T superconducting 
magnet (Technicare, Solon, OH) employing ECG-gated single-slice 
spin-echo imaging with a 30-msec TE and a variable TR equal to the 
R-R interval [1]. The pulse sequence was initiated by the R wave, 
which was telemetrically transmitted from the patient to the computer. 
Up to 16 two-dimensional images 1.4 cm thick were obtained in 
sagittal, coronal, or axial planes and displayed on a 256 x 256 matrix. 

Eleven of the patients were studied by means of a single-echo, 
multiple-slice, ECG-gated technique employing a magnet operating 
at 1.0 T (Siemens, Mississauga, Ontario). The R wave was transmit- 
ted by a fiber-optic device that, after a 40-msec delay, triggered a 
spin-echo sequence with a 30-msec TE and a TR equal to the R-R 
interval. During the same cardiac cycle, slices at a number of different 
anatomic levels were imaged by means of consecutive spin-echo 
pulse sequences at 80-msec intervals during the same cardiac cycle. 
The number of echoes that could be received during any one cardiac 
cycle depended on the duration of the R-R interval and whether their 
acquisition was gated to each or to every second heart beat. The 
slices varied in thickness from 0.5 to 1.0 cm, and a 1.0-cm interslice 
gap was required when consecutive levels were irradiated. The gap 
was later eliminated by development of software that permitted the 
acquisition of signals from nonconsecutive levels of the heart. 

Twenty-four to 30 images were obtained in sagittal, coronal, or 
axial planes and displayed on a 256 x 256 matrix. In four patients, 
images of the aortic arch were also obtained in planes equivalent to 
the left anterior oblique projection. This was accomplished either by 
rotating the patient's right shoulder anteriorly approximately 45° and 
imaging in the sagittal plane of the magnet [10] or by electronically 
adjusting the gradient angles in order to image along an oblique 
plane. The main pulmonary artery of one other patient was demon- 
Strated in a similar manner by inclining the Z-axis gradient approxi- 
mately 45° in a posterocaudad direction, equivalent to raising the 
patient's shoulders. 


Two 6-year-old patients were sedated with Demerol (meperidine), 
Phenergan (promethazine), and Thorazine (chlorpromazine), intra- 
muscularly. No sedation was required for the other children. In one 
patient with Marfan’s syndrome, the presence of a metallic scoliosis 
rod did not degrade the images. 

Two-dimensional echocardiography was performed in 17 patients 
by using a system with 3.0-, 5.0-, or 7.5-MHz tranducers. The aorta, 
which is a complex curvilinear structure, was studied using a seg- 
mental approach [11]: the aortic valve and ascending aorta were 
visualized from the parasternal positions; the transverse aorta, isth- 
mus region, and branch vessels were imaged from the suprasternal 
notch; and the descending thoracic aorta was seen from the subcostal 
position. The pulmonic anulus, valve, main pulmonary artery, and 
bifurcation were imaged from parasternal short- and long-axis views. 
In addition, the size and confluence of right and left pulmonary arteries 
were evaluated from the suprasternal notch. The studies were re- 
corded on videotape for later review. 

Intravenous digital subtraction angiography (IV-DSA) was per- 
formed in one patient with coarctation of the aorta, one child who 
had previous coarctation surgery, and one with Marfan’s syndrome. 
Cardiac catheterization with cineangiography was performed in one 
patient with supravalvar aortic stenosis, three with coarctation, and 
one who had a previous coarctectomy. The one patient with a 
Suspected vascular ring underwent retrograde aortic catheterization 
with serial film angiography. Opacification of the pulmonary arteries 
was attempted during cardiac catheterization in five of the six patients 
with suspected pulmonary artery abnormalities. 

Three of the four patients with coarctation of the aorta underwent 
surgical correction of the lesion, and another is scheduled for surgery. 
Branch pulmonary artery stenosis and hypoplasia were confirmed in 
the two patients with suspected pulmonary abnormalities who had 
surgery. A third underwent balloon angioplasty for left pulmonary 
artery stenosis. 

Analysis of the MR images and comparison with echocardiograms 
and cineangiocardiograms was performed in a retrospective fashion 
by a radiologist and a pediatric cardiologist. MR images of the aorta 
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A 


Fig. 1—Case 2. 14-year-old girl with Marfan’s syndrome. A, Intravenous 
digital subtraction angiogram shows dilated aortic root. B, Coronal MRI section 
(0.3 T) shows marked dilatation of aortic valve sinuses and ascending aorta. 


Fig. 2—Case 8. A, Sagittal section 
(1.0 T) showing coarctation of aorta distal 
to ongin of left subclavian artery n a 12- 
year-old boy. B, Coarctation was also 
demenstrated by echocardiography (ar- 
row) 


were evaluated in a similar manner to the echocardiograms by 
assessing the visualization of the ascending, transverse arch, isth- 
mus, and descending aorta segments and comparing the ability of 
MRI to demonstrate abnormalities with those of echocardiography 
and angiography. The pulmonary arteries were evaluated by com- 
paring the efficiency with which the three techniques demonstrated 
the main, right, and left pulmonary arteries. 


Results 


On all MRI examinations, the entire aortic arch and the 
descending thoracic aorta were completely visualized in at 
least one projection. The ascending aorta was visualized on 
all 12 echocardiograms, the transverse arch on 11, the isth- 
mus was Clearly defined on six, and the descending aorta 
was imaged on 11. The MRI, echocardiographic, and angio- 
graphic findings are listed in Table 1. 

In one patient in whom aortic valve stenosis was seen 
echocardiographically, coronal MR images also demonstrated 
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C, Axial section shows marked discrepancy between caliber of ascending aorta 
(A) and descending aorta (D). Note compression of interposed left atrium. 
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coexisting supravalvar aortic stenosis, which was subse- 
quently confirmed by cineangiocardiography. In the patients 
with Marfan’s syndrome, aneurysmal dilatation of the ascend- 
ing aorta was demonstrated by both echocardiography and 
MRI. However, coronal and sagittal MR images more readily 
depicted the distal extent of the aortic abnormality. In addition, 
the ability to simultaneously image the ascending and de- 
scending aorta on axial sections allowed more precise com- 
parison of the dilated and normal portions of the aorta (Fig. 
1). There was no evidence of dissection of the aorta on any 
of the imaging studies. 

In all four patients with suspected coarctation of the aorta, 
the lesion was completely visualized on coronal, sagittal, or 
left anterior oblique—equivalent MR images, but in only one 
case could the coarctation be confidently diagnosed by ech- 
ocardiography (Fig. 2). Coronal MR images in one of these 
patients demonstrated large collateral vessels extending from 
the region of the right subclavian artery to the aorta distal to 
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the coarctation. Cineangiography or IV-DSA confirmed the 
MRI findings in all four patients. 

IV-DSA showed mild persistent or recurrent coarctation in 
one patient in whom coarctectomy had been performed during 
infancy. In this patient, MRI at 0.3 T demonstrated an appar- 
ently normal lumen. No significant obstruction, however, was 
apparent Clinically, and no further surgery was performed. In 
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another postcoarctectomy patient, MRI prcvided a clearer 
demonstration of hypoplasia of the transverse portion of the 
aortic arch than was seen on the levoangiocardiogram phase 
after pulmonary angiography (Fig. 3). In the patient with a 
vascular ring, axial sections clearly showec both the right 
aortic arch and a retrotracheal vessel givinc rise to the left 
subclavian artery (Fig. 4). 





Fig. 3.—Case 12. 10-year-old girl who underwent coarctectomy in infancy. 
Left anterior oblique equivalent section (1.0 T) shows hypoplasia cf aortic arch, 
most marked between left common carotid and subclavian arteries. There is 
no evidence of discrete coarctation involving descending aorta. 





A 


Fig. 5.—Case 8. Axial MRI section (1.0 T) showing namal main (M), right, 


and left pulmonary arteries in 12-year-old boy with coarcation of aorta. Note 


ascending aorta (A) and superior vena cava (S) anterio to right pulmonary 


artery. Major bronchi and descending aorta (D) are posteror. 





Fig. 4.—Case 13. 11-year-old girl with vascular ring. A, Aortogram in left posterior oblique projection demonstrates right aortic arch and aberrant left subclavian 
artery (arrow). B, Axial MRI section (1.0 T) shows ascending aorta (A), right aortic arch (R), and retrotracheal vessel (arrow) Surrounding the tachea (t). 
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Fig. 6 —Case 19. 12-year-old girl with tricus- 
pid atresia and Waterston shunt between aorta 
and right pulmonary artery. A, Coronal section 
(1.0 T) shows small tubular structure representing 
an extremely hypoplastic main pulmonary artery 
(arrow) between large ascending aorta and left 
atrial appendage. B, Sagittal section shows small 
but patent right pulmonary artery (arrow) in cross 
section. C, Axial MRI demonstrates severe hy- 
poplasia of left pulmonary artery (solid arrow) 
immediately anterior to left main bronchus. Right 
pulmonary artery (open arrow) appears normal 
distal to Waterston shunt but is not visible proxi- 
mally. The main pulmonary artery was not identi- 
fied in this projection. D, Application of 45° pos- 
terocaudad tilt with respect to the Z-axis allowed 
optimal visualization of small main pulmonary ar- 
tery (arrew) between ascending aorta and left 
atrial appendage. 


The main, right, and left pulmonary arteries and their hilar 
bramches were best visualized on axial MRI sections through 
the chest. Normally, the right and left pulmonary arteries are 
approximately equal in ciameter and the right pulmonary 
artery courses posterior to the ascending aorta and superior 
vena cava. At the level of the pulmonary artery bifurcation, 
the right and left bronchi are seen posterior to the correspond- 
ing branch pulmonary arteries [12] (Fig. 5). 

Since the right pulmonary artery follows a nearly horizontal 
course in the coronal plane, it was visible in cross section on 
sagittal images obtained at the level of the ascending aorta 
in three of the patients imaged because of suspected pul- 
monary artery abnormalities (Fig. 6B). Demonstration of the 
tiny main pulmonary artery of one patient with tricuspid atresia 
was ennanced by posterocaudad inclination of the coronal 
imaging plane (Fig. 6D). 

The results of the echocardiographic, angiographic, and 
MRI precedures in the six patients with suspected pulmonary 
artery abnormalities are shown in Table 2. In the five patients 
who had echocardiograms, the main pulmonary artery was 
seen in all, the right pulmonary artery in four, and the left 
pulmonary artery in three. The main pulmonary artery and the 
branch pulmonary arteries in all six patients were visible on 
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axial MR images. In four of the six children, MRI was the only 
technique that provided images of the entire length of the 
main and branch pulmonary arteries (Figs. 6-8). 


Discussion 


In this series, we employed MRI to evaluate great vessel 
abnormalities in an exclusively pediatric population and at- 
tempted to compare these results with echocardiography and 
angiography. In addition, we report new applications of MRI 
in the evaluation of aortic arch anomalies and pulmonary 
artery abnormalities associated with cyanotic congenital heart 
disease. 

MRI has an obvious advantage over conventional or digital 
subtraction angiography because of its noninvasive character. 
Anatomic detail appears to be adequate for evaluation of the 
aorta although, in one of our patients, a clinically insignificant 
recurrent coarctation of the aorta, visible angiographically, 
was not diagnosed on MRI performed at 0.3 T. 

MRI shares the noninvasive advantages of echocardiogra- 
phy as well as its ability to image in multiple planes. Although 
MRI is more expensive than echocardiography and practical 
real-time motion studies are not yet available, the MRI signal 


946 


FLETCHER AND JACOBSTEIN 


TABLE 2: Findings in Patients with Pulmonary Artery Abnormalities 
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Case No. (age, gender) Clinical Diagnosis MRI Findings Echocardiogram Findings Angiagram Findings 

14 (6, M) Atrioventricular canal, MPA hypoplasia, RPA MPA, RPA hypoplasia RPA stenosis, 
hypoplastic right stenosis, normal MPA and LPA 
ventricle LPA net visualized 

15 (17, M) Atrial septal defect, Large M, R, LPA, no Large MPA, RPA, — 
partial anoma- stenosis LPA not visual- 
lous pulmonary ized 
venous return; 
peripheral pul- 
monic stenosis? 

16 (8, F) Tetralogy of Fallot, Small MPA, RPA ste- RPA stenosis RPA not visualized 
Waterston shunt nosis 

17 (8, F) Postoperative ob- Obstruction conduit — RPA not visualized 
struction of 
MPA-RPA con- 
duit 

18 (11,6) Tetralogy of Fallot, LPA hypoplasia Large MPA, branch LPA hypoplasia 
LPA obstruction PAs not visual- 

ized 

19 (12; F) Tricuspid atresia, Hypoplasia MPA, Hypoplasia MPA and LPA and proximal 
Waterston LPA; RPA ob- branches RPA not visu- 
shunt, LPA hy- structed proximal alized 
poplasia to Waterston 

shunt 
Note.—MPA = main pulmonary artery, RPA = nght pulmonary artery, LPA = left pulmonary artery, PA = pulmonary artery; dash (—) = no study was done. 


A 


Fig. 7.—Case 14. 1.0-T axial section of pulmonary arteries in 6-year-old boy 
with severe right ventricular hypoplasia associated with atrioventricular canal. 
A, Main pulmonary artery (curved arrow) is markedly hypoplastic. There is 


is not impeded by the chest wall or intrathoracic air, and the 
field of view is wider. While in infants abnormalities of the 
great arteries can usually be diagnosed echocardiographi- 
Cally, the inherent advantages of MRI make it possible to 
obtain images of the entire thoracic aorta and the major 





hypoplasia and proximal stenosis (straight arrow) of rightjpulmonary artery. B, 
Left pulmonary artery (arrow) is large. A-ascending aorta 


pulmonary vessels in larger children whose lungs may be 
voluminous because of chronic cyanosis. 

MRI was more efficient than echocardiography in diagnos- 
ing supravalvar aortic stenosis and coarctation. The better 
MRI diagnosis of coarctation is not surprising in view of the 
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Fig. 8 —Case 17. 8-year-old giri with isolated origin of right pulmonary artery 
from ascending aorta. Right pulmonary artery was reimplanted to main pul- 
monary artery in infancy, but on later pulmonary angiogram, right pulmonary 
artery dic not opacify. Axial MR image (1.0 T) shows normal main (M) and left 
(L) pulmonary arteries with apparent occlusion of conduit (arrows) leading to 
right pulmonary artery. 


fact that the isthmus is the least accessible portion of the 
thoracic aorta to ultrasonic interrogation. In one patient with 
coarctation, enlarged collateral vessels were also demon- 
strated, an important observation when determining the ad- 
visability and safety of surgery. Maintenance of rapid flow 
distal to the coarctation site is indicated by lack of signal from 
the interior of this segment of the aorta. 

Both MRI and echocardiography provided excellent images 
of aneurysmal dilatation of the ascending aorta in the patients 
with Marfan’s syndrome. By employing MRI, however, the 
diameter of the aortic root can be precisely measured and 
compared with that of the descending thoracic aorta. This 
ratio is expected to be a useful indicator of progressive aortic 
root involvement in the long-term followup of these patients. 
While none of our patients with Marfan’s syndrome had aortic 
dissection, previous experience with MRI diagnosis of dissec- 
tion associated with atherosclerosis in adult aortas (13, 14] 
and in one patient with Marfan’s syndrome [8] suggests that 
this complication would be consistently detectable in children 
with cystic medial necrosis. 

Opinion as to the appropriate preoperative investigation of 
vasculer rings varies from the recommendation of barium 
esophagography alone [15] to the use of complex cineangio- 
graphic procedures [16]. While our single case of anomalous 
aortic arch cannot resolve this controversy, it is apparent that 
MRI is capable of displaying the anatomic details of the 
vascular malformation and should also demonstrate associ- 
ated tracheal compression. 

Visualization of the pulmonary artery and its main branches 
is crucial to the appropriate surgical management of patients 
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with diminished pulmonary blood flow due to a variety of 
cyanotic congenital heart disorders. In this situation, opacifi- 
cation of the pulmonary arteries by anterograde catheteriza- 
tion may be impossible. In our patients, only partial opacifi- 
cation was achieved by means of pulmonary venous wedge 
angiograms or by contrast injection through large collateral 
vessels or palliative systemic-pulmonary artery shunts. Since 
echocardiography failed to demonstrate adequately the 
branch pulmonary arteries in most of these patients, MRI 
frequently provided the most complete delineation of these 
vessels. 

The ability to visualize more peripheral pulmonary vessels 
beyond the hila of the lungs would be useful. Our experience 
is similar to that previously reported with adults [17] in that 
only the main pulmonary artery, its right and left branches, 
and the immediate hilar branches can be routinely imaged. It 
may, however, be possible to enhance the signal from the 
intrapulmonary arteries by obtaining images only during dias- 
tole when pulmonary blood flow is slow [18]. Respiratory 
gating may also improve the visualization of these vessels. 
The lack of signal from the interior of even the major pulmo- 
nary arteries in images obtained with a multiple-slice tech- 
nique is probably attributable to a mandatory 70-msec echo 
delay after receipt of the ECG R wave so that, in the presence 
of a relatively rapid heart rate, most images were acquired 
during periods of rapid blood flow. 

The patients in this study were six years old or older and 
the efficacy of MRI in diagnosing lesions of the aorta and 
pulmonary arteries in younger patients has yet to be deter- 
mined. Indeed, echocardiography may be a more appropriate 
method for use in small infants since complete visualization 
of the great arteries is usually possible with minimal disturb- 
ance of the patient [11]. Nevertheless, in our series of pa- 
tients, MRI provided important information in evaluating the 
great arteries by supplementing echocardiographic findings, 
providing a noninvasive alternative to angiography and, on 
occasion, depicting details otherwise unobtainable preopera- 
tively. 
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Vascular Imaging with MRI: 
Inadequacy in Takayasu’s Arteritis 
Compared with Angiography 





Magnetic resonance imaging (MRI) and angiography were compared in a prospective 
and blinded fashion in 10 consecutive patients with Takayasu's arteritis to evaluate the 
ability of MRI to detect vascular abnormalities in the large arteries of the thorax and 
abdomen. Only the aorta and its major branches were studied. MRI was performed with 
a 0.5-T superconducting instrument and a body coil. Overlapping cuts, oblique views, 
and cardiac gating were used. Using angiography as the gold standard, MRI correctly 
identified all lesions in three patients, gave false-positive findings in two patients, and 
gave false-negative findings in five patients. In the latter five patients, MRI missed areas 
of major pathology in proximal arch vessels. MRI sensitivity was only 38% with a patient- 
by-patient analysis and 54% witha lesion-by-lesion analysis. The visualization of specific 
arteries with MRI was compared to visualization with angiography, and was markedly 
inferior in all vessels except the aorta, the innominate artery, and the common iliac 
arteries. It appears that with current equipment and technology, MRI is inadequate as a 
screening examination or for detailed evaluation of arterial disease other than the aorta 
except in highly selected cases. 


Magnetic resonance imaging (MRI) has been suggested as an ideal technique 
for imaging vascular disease because of the inherent contrast between lumen and 
vessel wall [1]. Recent reports suggest its utility in aortic lesions [2-9] and in the 
iliac arteries [10]. However, none of these reports are prospective or blinded 
studies. In all these studies, the status of the vessels and the presence and location 
of vascular disease were known before the MR study, and observer bias was 
present. We performed a prospective blinded study to eliminate those difficulties. 

Takayasu’s arteritis preferentially involves the aorta and its major branches with 
a variety of characteristic vascular lesions representing a broad spectrum of 
vascular disease. It is an ideal disease for the evaluation of vascular imaging 
techniques because of the presence of abnormalities in many different large arteries 
in various areas of the chest and abdomen. There is an ongoing research program 
on Takayasu’s arteritis at the National Institutes of Health, and a number of these 
patients were available for study. We therefore prospectively and blindly evaluated 
10 patients with this disease and compared MRI to angiography. 


Subjects and Methods 


We prospectively evaluated 10 consecutive patients admitted to the National Institutes of 
Health for evaluation of known Takayasu's arteritis. There is an ongoing research program 
on Takayasu's arteritis at the National Institutes of Health. As part of the protocol, angiography 
is performed on initial admission and at regular intervals thereafter, in order to follow the 
status of the affected vessels. The patients in this paper are part of a larger series reported 
recently [11] and share the same diagnostic criteria. The sites and degree of vascular 
involvement were not known to us before the imaging studies. All 10 patients were women 
ranging in age from 15 to 50 years (mean 28.0). All patients had both angiography and MRI 
performed within 1 week of each other. Informed consent was obtained from all patients. 
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Fig. 1.—Case 6. MRI correct. A, Angiography demonstrates stenosis of 
proximal left common carotid artery (arrow) and a graft from left subclavian 
artery to left common carotid artery. Incidentally noted is an aberrant right 
Subclavian artery (arrowheads). B, MRI demonstrates stenosis of proximal left 
common carotid artery (arrow). C, Graft is identified (long arrow). Left common 


Angiography was performed by using conventional techniques with 
aortic injections and cut-film images (Angioskop, Siemens, Mississa- 
gua, Ont., Canada) (5 patients), intraarterial digital subtraction an- 
giography (Diasonics DF-100, Fischer Imaging, Denver, CO) (2 pa- 
tients), or intravenous digital subtraction angiography (3 patients). 
Since our patients belonged to an age group in which angiographic 
evidence of atherosclerosis is extremely uncommon, any definite 
Stenosis, occlusion, ectasia, or luminal irregularity was considered 
evidence of vascular disease caused by Takayasu's arteritis. 

MRI was performed on a Picker (Cleveland, OH) Vistaview 0.5-T 
superconducting instrument using cardiac gating and a spin-echo 
pulse sequence (TE [time to echo] = 40, TR [repetition time] depend- 
ent on heart rate). Sections were 10 mm thick (nominal). The chest 
and abdomen were studied in the coronal plane. The abdomen was 
also studied in the sagittal plane. Two or three overlapping coronal 
series were obtained through the neck and upper chest, offset by 3- 
5 mm. 

MRI studies were interpreted by one of us (JWR) and angiograms 
by another (DLM). Each technique was independently evaluated 
without knowledge of the results of the other. We evaluated only the 
aorta and its major branches in the chest and abdomen. Only the 
proximal portions of the common carotid arteries and subclavian 
arteries were evaluated. Celiac and superior mesenteric artery 
branches were not studied. Only the main portions of the renal arteries 
were evaluated. The external and internal iliac arteries were not 
evaluated. The interpretations and images from both techniques were 
then compared. MRI was considered falsely negative if it failed to 
identify one or more sites of vascular disease shown by angiography, 
correct if it identified all sites and only those sites of vascular disease 
shown by angiography, and falsely positive if it incorrectly identified 
one or more sites of vascular disease in vessels shown to be normal 
by angiography. Each site of alleged disease shown by MRI was 
compared with the same site on the angiogram to be certain that 
angiography had not missed an area of possible disease. This did 
not occur. Specific arteries were then graded on both studies as to 
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carotid artery is normal in caliber distal to graft (short arrow). Unusual configu- 
ration of right common carotid artery (double arrow) indicates presence of an 
aberrant right subclavian artery, identified on other sections and barely visible 
here (arrowhead). 


adequacy of visualization on a scale of 0 (not visualized) to 4 (excellent 
visualization). 


Results 


Vascular abnormalities were present in all 10 patients. 
Magnetic resonance (MR) correctly identified all the abnor- 
malities present in three patients (30%) (Fig. 1), but was at 
least partially incorrect in the remaining seven, with false- 
positive results in two patients (20%) (Fig. 2) and false- 
negative results in five patients (50%) (Figs. 3 and 4). Because 
our body coil gives suboptimal MR images of the neck, only 
the proximal arch vessels were evaluated on the MR images. 
Fourteen lesions were correctly identified by MRI and 12 
lesions were missed. A lesion-by-lesion analysis yields a 
sensitivity of 54% and a specificity of 82%. A patient-by- 
patient analysis yields a sensitivity of 38%. In this analysis 
specificity cannot be determined, since no normal patients 
were studied. 

Vascular anomalies were present in three patients. In one 
patient, the left common carotid artery originated from the 
innominate artery; in the second patient, the left vertebral 
artery originated from the aorta; the third patient had an 
aberrant right subclavian artery (Fig. 1). Only the aberrant 
subclavian artery was correctly identified by MRI. The other 
two anomalies were confused with areas of disease. 

In each patient, specific arteries were scored as to visibility 
on both MRI and angiography. In those patients in whom the 
area of the vessel had not been imaged, no score was given. 
The average results are shown in Table 1. In general, a score 
below 2.0 indicates inadequate visualization for diagnosis. 

Adequate MR visualization was consistently achieved only 
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Fig. 2.—Case 8. False-positive MRI. A, Stenosis of innominate artery (short 
arrow) is present on angiogram. Right common carotid artery is occluded and 
both vertebral arteries are dilated. Left common carotid artery arises from 
innominate artery (/ong arrow). B, Narrowing of lumen of innominate artery and 
thickening of vascular wall are well shown by MRI (arrow). This is the only 





Fig. 3.—Case 4. False-negative MRI. A, Angiog- 
raphy demonstrates pathology in every arch vessel 
and in both vertebral arteries. B, MR (left anterior 
oblique provection) shows irregularity of innominate 
artery (arrow) but not other disease. C, MR (anter- 
oposterior projection) reveals no evidence of vas- B 
cular disease. MRI missed every lesion except for 
innomimate artery. 


in the aorta, the common iliac arteries, and the innominate 
artery. The common carotid arteries and the subclavian arter- 
ies were inconstantly visualized. Disease in these areas was 
often not demonstrated or was incorrectly thought to be 
present, as shown by comparison to angiography. The ver- 
tebral arteries and the other major branches of the abdominal 





C 


lesion in which wall thickening could be identified. C, MRI incorrectly identifies 
apparent stenosis of left subclavian artery (arrow). In retrospect, this is caused 
by superimposition of left subclavian artery proximally and vein distally as they 
traverse the plane of the section. MRI also incorrectly identified stenosis of 
proximal left common carotid artery (not shown). 


aorta were rarely visualized well enough to be of diagnostic 
usefulness. 


Discussion 


Takayasu's arteritis is a vasculitis of unknown etiology that 
principally affects the aorta and its major branches, most 
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commonly the subclavian artery [11-12]. The angiographic 
findings may include occlusion, stenosis, irregularity of the 
lumen, and ectasia or aneurysm, either alone or in combina- 
tion in different vessels. These abnormalities frequently in- 
volve long segments. Characteristic vascular changes make 
this disease ideal for the comparison of vascular imaging 
methods, since a broad spectrum of vascular disease is 
usually present and the cross-sectional anatomy of the major 
aortic branches is well known. 

We required that the MRI interpretation exactly match the 
angiographic interpretation in order for an interpretation to be 
judged correct, because we believe that this approach most 
closely approximates the clinical requirements. The patient 
and the referring clinician are poorly served by incomplete or 
only partially accurate results. For this reason, we prefer 
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Fig. 4.—Case 1. False-negative MRI. A, B, Intraarterial digital subtraction angiography demonstrates 
occlusion of left subclavian artery (long arrow) and diffuse stenosis of left common carotid artery (short 
arrows). Superior mesenteric artery is occluded, inferior mesenteric artery is dilated (long arrows) and 
abdominal aorta is stenotic just proximal to origin of inferior mesenteric artery (short arrows). The proximal 
left renal artery is slightly stenotic. C, D, Occlusion of left subclavian artery is present on MRI, and 
collateral vessels can be identified (/ong arrow). Stenosis of left common carotid artery is not appreciated. 
In the abdomen, dilated inferior mesenteric artery is well seen (arrow). Stenosis of abdominal aorta could 
not be identified on this section or on sagittal images through the aorta (not shown). Occlusion of superior 
mesenteric artery was not appreciated on either coronal or Sagittal images. 


patient-by-patient analysis to lesion-by-lesion analysis, be- 
cause lesion-by-lesion analysis may lead to erroneous conclu- 
sions regarding effectiveness in individual patients. 

The performance of MRI in this study is disappointing. The 
high incidence of false-positive and false-negative studies 
(70%) and a patient sensitivity of only 38% indicate that MR 
is inadequate as a vascular imaging method, at least with 
present equipment and technology. The presence of cardiac 
and respiratory motion severely hampers imaging in the chest 
and upper abdomen, even with the use of cardiac gating. 
New imaging algorithms may be able to deal with this problem 
and result in improved images of the lower chest and upper 
abdomen. Surface coils are also extremely helpful for improv- 
ing spatial resolution, but they were not available to us at the 
time of this study. Additionally, their use markedly restricts 
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TABLE 1: Adequacy of Visualization of Specific Arteries with 
Angiography and MRI? 


mcm o M 





Artery Angiography MRI 
Ascending aorta 3.9 3.9 
Aortic arch 3.7 32 
Descending thoracic aorta 3.9 2.9 
Abdominal aorta 3.9 2.6 
Innominate 3.9 3.3 
Right subclavian 3.8 2.4 
Right vertebral 39 0.9 
Right common carotid 3.8 22 
Left common carotid 3.8 2.4 
Left subclavian HE g 1.9 
Left vertebral 3.4 0.5 
Celiac axis 3.6 0.9 
Superior mesenteric 3.4 0:5 
Inferior mesenteric q 0.6 
Left renal 3.4 0.6 
Right renal 3.4 0.8 
Left common iliac 3.9 2.6 
Right common iliac 3.9 2.9 


a Graded from 0 (not visualized) to 4 (excellent). Averages of 10 patients. (See text for 
details of grading system.) 


the imaging field of view. Imaging all the major arteries of the 
abdomen or thorax with surface coils would be impractical, if 
only because of time constraints. We have not had the 
opportunity to study these patients with other MR instru- 
ments, but we are not aware of evidence to suggest there is 
any Clinically significant difference in imaging capability be- 
tween existing instruments. 

There are two main reasons for the disparity between our 
results and those reported by others [2-10]. First, other 
studies have concentrated on evaluation of the aorta or the 
iliac arteries, vessels that are relatively easy to image with 
MR. The large size of the aorta and the tendency of the 
descending thoracic aorta and abdominal aorta to run in a 
single plane favor successful MR imaging. The common iliac 
arteries also tend to run in a single plane, and the entire iliac 
system lies in the pelvis, well outside the area of increased 
noise caused by cardiac and respiratory motion. Most of the 
other major arteries of the thorax and abdomen do not lie in 
a single plane throughout their course. In this respect, MRI 
shares the disadvantage of all cross-sectional imaging meth- 
ods in that blood vessels are not viewed as continuous 
structures. One of the strengths of angiography is that blood- 
vessel images are a composite of many imaging planes and 
show the vessel in its entirety, albeit in a two-dimensional 
display. It is possible that no cross-sectional imaging method 
can fully equal angiography for the evaluation of these ves- 
sels. 

Second, previous studies of arterial MRI have not been 
properly blinded. A success rate of 91% in the detection of 
arterial stenosis and occlusions, as reported in one study 
[10], is obviously easier to achieve if the exact site and 
morphology of the abnormality is known before interpretation 
of the MR images. The current study was designed so that 
both the MRI and the arteriogram were interpreted blindly, 
without knowledge of the results of the other examination or 
any other information that might indicate or localize sites of 
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vascular disease. The presence of disease somewhere in the 
arterial system could be assumed on the known diagnosis of 
Takayasu’s arteritis. While this might bias the study toward 
overreading of the MRI, only two false-positive readings were 
encountered (20%), and in both these patients MRI correctly 
identified at least one other site of vascular disease. 

Methodologic problems with prospective investigations us- 
ing gold standards have been described [13]. We have taken 
particular care to avoid these pitfalls whenever possible. 
Prospective examinations should be designed so that both of 
the diagnostic methods in question are applied with equal 
skill. We arranged for the arteriograms to be performed by 
radiologists who were interested in and experienced with this 
technique, and all were interpreted by one experienced an- 
giographer. Similar arrangements were made for the MRI 
studies. Different angiographic techniques (cut-film angiogra- 
phy, intraarterial and intravenous digital subtraction angiog- 
raphy) were used, but all images were rated as good to 
excellent and were more than adequate for diagnosis. 

There are two objections to use of a gold standard when 
comparing imaging examinations. First, errors will occur if the 
gold standard is itself fallible. Second, compared to the gold 
standard any other study will be found to be inferior, or at 
best equal, since the gold standard is held to be infallible. 

There is general agreement that technically adequate an- 
giography is accurate for the diagnosis of vascular disease, 
and it is commonly used as the gold standarc in the evaluation 
of other techniques of vessel imaging. Digital subtraction 
angiography may be less sensitive for the detection of subtle 
atherosclerotic plaques, but this was not considered a defi- 
ciency in this study because the average age of the patients 
was only 28 and because the changes seen with Takayasu's 
arteritis are not subtle. Also, the spatial resolution of MRI is 
low in comparison with that of angiography, and false-positive 
results from subtle disease missed by digital subtraction 
angiography are therefore unlikely. 

The inherent bias toward the gold standard noted above is 
also of little consequence in this study. If the two techniques 
were of approximately equal effectiveness, this bias might 
induce significant error. However, our results indicate that the 
sensitivity of MRI is only one-third to one-half that of the gold 
standard, suggesting that MRI is indeed considerably less 
effective as a vascular imaging technique. 

We conclude that, with our equipment and technology, MRI 
is not adequate as a screening examination or for detailed 
evaluation of arterial disease outside the aorta, except in 
highly selected cases. 
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MRI of Wilms’ Tumor: Promise 
as the Primary Imaging Method 





The magnetic resonance appearance of Wilms’ tumor in 14 patients is described and 
its clinical utility is evaluated. In all cases, magnetic resonance was correlated with 
surgical and pathologic findings to assess accuracy. Magnetic resonance accurately 
identified the primary tumor and its renal origin in all cases, and tumor margins and 
local extension were accurately demonstrated. Tumor margins were smooth and well 
defined in nine of 12 cases. Local extension and size were accurately assessed, but 
because capsular invasion could not be predicted, four surgically proven instances of 
capsular invasion were missed. Metastatic spread into the liver and inferior vena cava 
was well documented in four cases and excluded in 10. Magnetic resonance was 
sensitive for identifying lymph-node enlargement in five of 14 cases, but could not 
predict the etiology of the enlargement. All Wilms’ tumors had signal intensities consis- 
tent with prolonged T1 and T2 relaxation times. Signal intensity was highly variable, 
mainly because of necrosis and hemorrhage within the tumor. Magnetic resonance 
based on signal intensity could not distinguish Wilms’ tumor from other solid renal 
tumors. Magnetic resonance has the potential for providing the same information as 
computed tomography, sonography, liver spleen radionuclide scanning, and excretory 
urography. Although expensive, magnetic resonance will be cost-effective if it can 
replace all the above techniques. This limited study indicates that magnetic resonance 
has promise as the primary imaging technique for Wilms’ tumors. 


Magnetic resonance—because it is noninvasive, does not employ ionizing radia- 
tion, and is safe [1, 2|—is well suited for pediatric imaging. Although various 
childhood tumors have been imaged with magnetic resonance [2, 4, 5], there are 
no reports of the magnetic resonance appearance of Wilms’ tumor. This paper 
describes magnetic resonance findings in 14 cases. The internal structure and 
signal intensity of each tumor were examined. Local metastatic spread, capsular 
penetration, and involvement of the inferior vena cava were assessed. The findings 
were correlated with surgical and pathologic findings. The potential for magnetic 
resonance as a primary imaging technique in Wilms’ tumor appears promising from 
this limited experience. 


Subjects and Methods 


Fourteen children were studied. Their ages ranged from 16 months to 9 years, with an 
average age of 5 years. Of the 14 children, 12 were consecutive patients who presented with 
an abdominal mass from January 1984 to March 1985, and for whom preliminary studies 
revealed a renal tumor. These children had not received surgery or chemotherapy before 
imaging. Two children were imaged after surgical removal of the primary tumor to search for 
local recurrence or metastases. For the same reason, in four of the original 12 children, 
additional follow-up magnetic resonance scans were obtained 6 months to 1 year after 
surgical removal of the primary tumor. 

In all 12 surgical cases the surgeon was informed of the magnetic resonance findings and 
the extent of disease predicted. Surgical removal of the tumor and enlarged lymph nodes 
detected by magnetic resonance was accomplished. Pathologic specimens were cut in the 
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A B 


Fig. 1.—Massive right Wilms’ tumor in 16-month-old. Tumor has well-defin 
C, CT scan correlates well with magnetic resonance. 


orientation best shown by magnetic resonance. The magnetic reso- 
nance findings were directly correlated to surgical and pathologic 
findings in each surgical case (12 of 14). 

In six postoperative patients, magnetic resonance and computed 
tomography results were compared. Both examinations were per- 
formed within a 2-3 day time period; surgical and pathologic corre- 
lations were lacking in this group. 

Magnetic resonance scans were interpreted with knowledge of 
prior studies (computed tomography, sonography, excretory urogra- 
phy), as it was the last imaging technique used before surgery. At 
least two radiologists with magnetic resonance experience jointly 
interpreted each scan. Magnetic resonance findings were also com- 
pared to surgical and pathologic findings. 

All patients were scanned with a Technicare 0.15-T resistive- 
magnet scanner. In each case, the region of suspected abnormality 
was scanned using contiguous slices in the transverse plane with 
additional images obtained in selected cases in the sagittal and 
coronal planes. 

Two major pulse sequences were used. The first was a moderately 
weighted T1 spin-echo (SE) technique with a pulse repetition time 
(TR) of 250 or 500 msec and an echo time (TE) of 24 or 30 msec. 
The second pulse sequence was a moderately weighted T2 SE 
technique with a TR of 1000 or 2000 msec and a TE of 30, 60, 120, 
or 150 msec. A few cases were scanned with an inversion recovery 
technique with a TR of 1500 msec and an inversion time of 450 
msec. 

The matrix size was 256 x 128 pixels, and slice thickness was 1 
cm. The average study was completed in 1 hr. Patients were not 
routinely sedated, but when required, chloral hydrate was used in a 
dose of 50-100 mg/kg body weight. Patients were fed before scan- 
ning and made as comfortable as possible while in the scanner. All 
patients tolerated scanning well. 

A computer software package was used to estimate T1 relaxation 
time. The data acquisition for this package consists of alternating 
inversion recovery and spin-echo pulse sequences. An observed T1 
is calculated by the program and images are then reconstructed from 
the data. The observed T1 represents a time constant for longitudinal 
relaxation of tissue, but it may not represent the true tissue T1. This 
is because the computer calculations do not take into account the 
possibility of multicomponent or multiexponential relaxation, inho- 
mogeneity of the radiofrequency pulses, or other sources of obser- 
vational error. 

With a region-of-interest cursor, the observed T1 of any segment 
of tissue could be obtained. This was done for representative areas 
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ed margin and extent of tumor is easily appreciated. A, SE 30/500; B, SE 60/1000. 


of tumor in eight cases, and a mean observed T1 was calculated for 
each tumor. The observed T1 of normal kidney and liver was also 
calculated in selected cases. 

Informed consent was obtained in all cases, and the studies were 
approved by the institutional review board. 

In addition to magnetic resonance, all patients had computed- 
tomography evaluation and 11 had sonography at initial presentation. 
Computed tomography and magnetic resonance scans were done 
within 6 days of each other, and the majority (10 of 14) were done 
within 3 days. Computed tomography scans were done on a Picker 
Synderdyne 1200, Philips Tomoscan 310, or Technicare 1440 scan- 
ner. Sonographic studies were done with a Technicare Sector scan- 
ner. 

No magnetic resonance studies of the chest were performed. 


Results 


Identification of primary tumor. In every case, magnetic 
resonance correctly identified the primary tumor and its site 
of origin from the kidney. Seven originated from the right 
kidney, and five from the left. All cases were pathologically 
proven to be Wilms’ tumor. 

Tumor margins and extension. Tumor margins seen by 
magnetic resonance were usually smooth and well defined (9 
of 12 cases) (Figs. 1A-1C), and gross perimephric extension 
of the tumor was accurately imaged by magnetic resonance. 
In one case, extension of the tumor anterior to the inferior 
vena cava was better appreciated on magnetic resonance 
than on computed tomography (Figs. 2A and 2B). 

Capsule penetration. The renal capsule could not be re- 
solved with magnetic resonance and therefore we could not 
accurately determine whether capsular penetration was pres- 
ent. 

Internal structure. The majority of tumors (10 of 12) were 
not entirely homogenous in signal intensity. Six of 12 tumors 
demonstrated focal areas of moderate to severe nonuniform- 
ity and variability in signal intensity within the tumor itself 
(Figs. 3A and 3B). These findings correlated with the patho- 
logic specimens showing focal areas of hemorrhage and 
necrosis within the tumor. 

Signal intensity. All tumors had signal intensity consistent 
with prolonged T1 and T2 relaxation times (Figs. 1A and 1B). 
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Fig. 2.—A, Extension of tumor onto the an- 
terolateral aspect of inferior vena cava (arrow). 
SE 60/2000 image. B, CT scan shows tumor, 
but delineation from cava is poor. 


A 


Fig. 3.—A, Massive left Wilms’ tumor with focal 
areas of increased and decreased signal intensity cor- 
responding"to areas of hemorrhage and necrosis, re- 
spectively. SE 30/1000 image. B, CT scan shows mul- 
tiple areas of decreased attenuation within tumor. 


TABLE 1: Comparison of Observed T1 of Primary Tumor with 
Liver and Normal Renal Parenchyma 
Neen nn a 











T1 of 
om Ae 7s ee Comments 
Parenchyma 
1 915 270 — Previous left ne- 
phrectomy for 
Wilms’ tumor 
2 650 N/A 544 
4 600 328 573 
6 864 N/A 646 
9 682 N/A 595 
10 410 342 618 Large hemorrhage 
within tumor 
12 790 N/A 682 
13 820 415 564 


Note—N/&« = not available; observed T1 time not done for liver. 


They appeared of low intensity on T1-weighted SE images 
and of hich intensity on T2-weighted SE images. 

The mean calculated observed T1 time ranged from 410 
msec to 915 msec for eight tumors. A comparison of the 
observed T1 of the primary tumor with liver and that of the 
normal renal parenchyma in eight cases is presented in Table 
A 

The intensity of the primary tumor was different and easily 
distinguished on SE pulse sequences from normal kidney and 
Surrounding perinephric tissues. 
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Enlarged nodes and hepatic metastases. Magnetic reso- 
nance and computed tomography both detected hepatic le- 
sions in two cases and enlarged lymph nodes in five cases 
(Figs. 4A and 4B, 5A and 5B). 

The enlarged lymph nodes had similar signal intensities to 
the primary tumor. The surgeon removed all these nodes. 
Pathologic inspection revealed no pathologic change in four 
of five cases. The fifth case showed various changes, includ- 
ing histiocytosis and sinus replacement, and large areas of 
fibrosis, hemorrhage, and necrosis. No tumor was found. 

The liver lesions were metastases. In both cases the mar- 
gins of the metastases were relatively smooth and well de- 
fined. On T1-weighted SE images they were almost isointense 
with normal liver and were difficult to detect in both cases. 
On T2-weighted SE or inversion-recovery pulse sequences, 
the metastases were easily seen, being of greater intensity 
than normal liver on SE and lower intensity than liver on 
inversion recovery. 

Inferior vena cava involvement. Magnetic resonance pro- 
duced excellent visualization of the inferior vena cava (Fig. 6). 
The cava was seen in all 12 presurgical cases. There was 
displacement of the cava by tumor in eight cases (Fig. 7). 
Extrinsic compression of the cava was seen in seven cases. 
Tumor extension into the cava was detected in two of the 12 
presurgical cases (Figs. 8A and 8B, 9A and 9B). Sonography 
confirmed the two cases of intraluminal tumor. In the remain- 
ing 10 cases, sonography in nine and computed tomography 
in all 10 were accurate in excluding caval tumor. All cases 
were confirmed at surgery. 
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Fig. 4.—A, Liver shows multiple areas 
of decreased signal consistent with met- 
astatic lesions (M). IR 450/1000 image. 
B, SE 30/500 image at same level. The 
liver metastases are difficult to identify. 





Fig. 5.—A, Enlarged left para-aortic node identified 
on SE 30/500 image (N). B, CT scan of same patient 
confirms magnetic resonance identification of the en- 
larged para-aortic node (N). 







Fig. 6.—Excellent visualization of inferior vena cava (curved arrow) and Fig. 7.—Large right Wilms’ tumor with displacement of inferior vena cava 
aorta (straight arrow) on a coronal SE 30/500 image. Left Wilms’ tumor (T) (arrow) to the left. Coronal SE 30/500 image. 
with no displacement of vessels. 


Follow-up studies. Six patients had follow-up scans after Discussion 
resection of the primary tumor. Magnetic resonance detected 
liver metastases in two cases and revealed no local recur- Magnetic resonance has been successfully used to show 
rence or abdominal metastases in four cases. Computed neuroblastoma [4], osteogenic sarcoma [2], brain tumors 
tomography interpretation was the same in each case. [2], bone marrow pathology [5], and various renal masses [6, 
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Fig. 8.—A, tumor within inferior vena 
cava (arrow). SE 60/1000 image. B, So- 
nography cenfirms intraluminal tumor (ar- 
row). 
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Fig. 9.—A, Intraluminal caval tumor (T). Sagittal SE 30/250 image. B, Inferior vena cavagram confirms magnetic resonance finding of intraluminal tumor (T). 


7]. The magnetic resonance evaluation of Wilms’ tumor may 
have a rale in the diagnosis and treatment of this common 
childhood neoplasm. 

Radicalnephrectomy and abdominal exploration are carried 
out in all patients with Wilms’ tumor regardless of the preop- 
erative stage to determine final histology, staging, and sub- 
sequent management. The entire abdomen is examined to 
allow evaluation of the opposite kidney, regional lymph nodes, 
and liver. Suspicious areas are biopsied and a limited para- 
aortic lymph node dissection is carried out. After nephrec- 
tomy, tumor stage and histology determine the need for 
postoperative chemotherapy and/or radiation according to 


the third National Wilms’ Tumor Study [8]. 

The first and second National Wilms’ Tumor Studies con- 
cluded that a large tumor, lymph node involvement, capsular 
invasion, metastatic spread beyond the renal bed, and unfa- 
vorable tumor histology were unfavorable prognostic findings. 
A tumor extending into the renal vein or inferior vena cava, if 
successfully removed, was not an unfavorable prognostic 
finding [9]. 

Identification of primary tumor. In every case, magnetic 
resonance correctly identified the primary tumor and its site 
of origin from the kidney. Because images were obtained in 
multiple planes, accurate localization of the tumor and its 
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origin from the kidney was possible in all cases. This helped 
exclude the possibility of neuroblastoma, the other common 
childhood malignancy that can be confused with Wilms’ tu- 
mor. 

Tumor margins and extension. Tumor margins were rela- 
tively sharp and smooth on magnetic resonance images. The 
extent and size of the tumor as assessed by magnetic reso- 
nance correlated well with computed tomography and surgical 
findings. In one case, extension of the tumor anterior to the 
vena cava was better appreciated on magnetic resonance 
than on computed tomography because of the superior vis- 
ualization of the tumor margin and vena cava by magnetic 
resonance. 

Overall, the abnormal tumor signal intensity and the capa- 
bility of magnetic resonance to image in multiple planes al- 
lowed accurate estimation of tumor size and extent and 
facilitated surgical planning. 

Capsule penetration. Although magnetic resonance accu- 
rately showed the tumor mass, it could not identify the capsule 
and was thus unable to differentiate stage-| and stage-ll 
tumors. Local invasion through the capsule was missed by 
magnetic resonance in four cases (the invasion was seen at 
surgery or by examination of the pathology specimen). Ac- 
curate staging, therefore, will continue to be surgical with 
pathologic inspection of the specimen and evaluation of tumor 
histology. 

Internal structure. The signal intensity of the tumor’s internal 
structure was variable and inhomogenous in 10 of 12 cases. 
Examining the pathology specimens and slicing them in the 
same planes as the magnetic resonance images showed that 
this was in large part secondary to tumor necrosis and 
hemorrhage. On T1-weighted pulse sequences, areas of hem- 
orrhage showed increased signal intensity, and areas of ne- 
crosis showed decreased signal intensity. Both showed in- 
creased signal intensity on T2-weighted pulse sequences. 
The magnetic resonance images correlated well with gross 
anatomic specimens. Areas of necrosis and hemorrhage were 
both of low attenuation on computed tomography. 

Signal intensity. All tumors demonstrated an overall signal 
intensity consistent with prolonged T1 and T2 relaxation 
times. The mean calculated longitudinal relaxation times (OT 1) 
ranged from 410 msec to 915 msec for eight tumors. These 
findings did not clearly distinguish Wilms’ tumor from other 
renal diseases [6, 7, 10]. The intensity of the primary tumor 
was different from normal kidney and adjacent perinephric 
tissues. There were no significant differences between the 
intensity of the primary tumor, the tumor in the inferior vena 
cava, or the enlarged lymph nodes on either T1- or T2- 
weighted pulse sequences. 

Enlarged nodes and hepatic metastases. Both magnetic 
resonance and computed tomography detected liver metas- 
tases in two cases and enlarged lymph nodes in five cases. 

Despite the enlarged nodes having the same signal intensity 
as the primary tumor on T1- and T2-weighted SE pulse 
sequences, no tumor was present in the nodes after surgical 
removal. Thus, magnetic resonance could neither detect me- 
tastases to lymph nodes nor predict the etiology of lymph 
node enlargement. 
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Because the liver metastases were almost isointense on 
the T1-weighted SE pulse sequence, more than one pulse 
sequence should be used when imaging the liver for me- 
tastatic lesions. A T2-weighted SE pulse sequence or inver- 
sion recovery should be used; these were more sensitive for 
the detection of liver metastases in this study. This has been 
supported by other studies, including a recent one by Heiken 
[11]. 

Inferior vena cava involvement. Wilms’ tumor may directly 
invade the renal vein and inferior vena cava. Sonography is 
widely employed to assess inferior vena cava invasion by 
tumor and has been shown to be accurate [12]. Magnetic 
resonance was accurate in this series. Flowing blood usually 
has no signal on magnetic resonance [3], and vessels are 
easily visualized without the need for intravenous contrast 
[4]. Whether magnetic resonance will be as accurate as 
sonography remains to be evaluated. Sonography has the 
advantage of being cheaper than magnetic resonance. It has 
the disadvantage of not being able to penetrate bowel gas: 
and in one of our patients with a displaced inferior vena cava, 
bowel gas prevented adequate visualization of the entire vena 
cava. This patient had a normal vena cava on magnetic 
resonance and at surgery. 

Magnetic resonance was better than computed tomogra- 
phy at demonstrating displacement of the vena cava by tumor. 
Multiplane imaging capability of magnetic resonance and su- 
perb vessel visualization without contrast injection are distinct 
advantages. 

Follow-up studies. Follwo-up scans in six patients after 
surgical removal of the primary tumor provided the same 
information as computed tomography. If this continues to be 
true in additional cases, then magnetic resonance will become 
a desirable follow-up technique in children because of its 
nonionizing radiation. 

Magnetic resonance may become cost-effective as the 
primary imaging technique for recognition, staging, and follow- 
up of patients with Wilms’ tumor. It is expensive, but it is 
cost-effective if used as the single technique that replaces 
the multiple imaging techniques currently used for postoper- 
ative evaluation of a child with a solid abdominal tumor. 


Addendum 


Since our original series of 14 patients, an additional case 
of Wilms’ tumor with lung metastases was scanned. The 
metastases had signal intensity consistent with prolonged T1 
and T2 relaxation times. The large lung metastases were well 
seen on magnetic resonance, but the very small metastases 
were better seen by computed tomography. 
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Erratum 


In my paper entitled “Suture Anchor for Visceral Drainage” 
(by Cope) in AJR 1986;146:160-162, an error was made in 
Fig. 1, which shows a fixed curved needle attached to the 
center suture of the anchoring device. The center suture 
should instead be shown as being threaded through a free 
needle to allow for removal of the introducing sheath. 
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The Diffusion of MRI: Patterns 
of Siting and Ownership in an Era of 
Changing Incentives 





The rate and pattern of magnetic resonance imaging (MRI) siting and ownership are 
examined in the context of the current turbulent health-care environment. By the end of 
1984, 151 MRI units were located at 134 different sites. There was one MRI unit for 
every 1.55 million Americans. Most of the largest metropolitan areas had at least one 
unit. Overall, however, the diffusion rate of MRI has lagged behind that of computed 
tomography (CT). Trends in magnet preference, siting, and ownership are evolving. 
While the majority of all units are located within hospitals, the diffusion of nonhospital- 
based MRI units is accelerating. The deployment of hospital-based units is progressing 
at a slower rate, largely limited to academic institutions and urban centers. Purchase of 
superconducting and permanent magnets is accelerating, while that of resistive units is 
decreasing. Likewise, there is a trend toward adoption of intermediate (0.5 T-0.6 T) and 
large (1.0 T or 1.5 T) magnets. Ownership arrangements are highly varied and charac- 
terized by increased efforts at risk-sharing, trends that reflect a more competitive, profit- 
oriented medical-care environment. An analysis of recent health-policy initiatives and 
evolving market factors helps to explain some of these observations. Increased cost- 
consciousness, prospective reimbursement systems, loopholes in current regulations, 
and increased competition among health-care providers are influencing the diffusion of 
MRI and may herald the fate of other expensive medical technologies in the near future. 


Introduction 


Magnetic resonance imaging (MRI) is a new, expensive, highly visible, and 
prestigious imaging technique with vast clinical potential that has been deployed in 
the United States since 1981, a period of particular turbulence in the American 
health-care system. New policies and philosophies that invoke cost-consciousness, 
prospective payment, and increased competition have altered the once liberal 
incentives for the adoption of new technology. Much attention has been directed 
to the potential impact of these new incentives on the diffusion of medical technol- 
ogy in general [1, 2, 3, 4], but few studies have attempted to track the deployment 
of a specific new technology and to discern the actual impact of the evolving health- 
care environment on its diffusion. This paper reports the results of a survey of the 
patterns of deployment, siting, and ownership of MRI. These findings are then 
used to identify possible relationships between observed patterns of MRI diffusion 
and the current health system’s structure and incentives. The fate of MRI is 
important to follow, since it may herald the future diffusion of other new medical 
technologies that emerge in the present era of changing incentives. 


Methods 


Data on the diffusion of MRI were obtained between January 1985 and May 1985 from 
three sources: (1) the quarterly Magnetic Resonance Site Surveys conducted by the American 
College of Radiology [5]; (2) telephone interviews with the marketing departments of all U.S. 
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MRI manufacturers; and (3) telephone interviews with each MRI 
installation in the United States, as identified from the first two 
sources. These three sources of information enabled us to construct 
and verify an accurate registry of U.S. MRI installations that included 
details about magnet type, ownership, siting, and dates of installation 
and operation. In addition, we recorded subjective insights offered by 
representatives of industry and by owners and operators of individual 
units. 

The data presented in this paper include all U.S. clinical imaging 
units that were operating or in the process of being installed as of 
December 31, 1984, the end of the first four years of MRI’s availability 
(the first human imaging prototype was installed outside of a manu- 
facturer’s headquarters in December 1980) [6]. “Optimistic” and 
“pessimistic” forecasts of MRI diffusion for 1985 were made by some 
of the manufacturers (several manufacturers were reluctant to offer 
such estimates for competitive reasons and because of the inherent 
uncertainty in the MRI market). We used these figures to develop 
projections for the industry as a whole. 

MRI sites were grouped into one of two categories, depending on 
where the unit was sited. Hospital-based units were defined as lying 
within a hospital complex and having formal organizational ties with 
it. Nonhospital-based units did not meet these criteria. The unit of 
analysis was the individual MRI unit. Thus, sites with more than one 
MRI unit were counted more than once. MRI used for the study of 
animals and units located in manufacturers’ headquarters were ex- 
cluded. Urban MRI units were defined as those lying within metro- 
politan statistical areas (MSAs) [7]. An academic medical center was 
defined as a hospital having a primary affiliation with a medical school 
or having its own residency training program in diagnostic radiology 
[8]. 


Results 
Rates of Diffusion 


Figure 1 shows the number of MRI units installed each year 
in the U.S. from 1981 through 1984. Figure 2 illustrates the 
cumulative effect of these patterns of diffusion over the same 
time frame. By December 31, 1984, there were 151 MRI units 
at 134 different sites (11 academic institutions each had two 
units and three each had three units), approximately equally 
divided between hospital and nonhospital placement. How- 
ever, the pattern of MRI siting changed over the first 4 years 
of its diffusion. Initially, most MRI units were located within 
hospitals. By 1984, the majority of new installations were in 
freestanding, nonhospital settings. Of the 109 units installed 
in 1984, fully 57% were placed in nonhospital settings, a 
Significant increase over 1983 when only 25% of a much 
smaller total were placed in these ambulatory settings (Fig. 
1). Based on manufacturers’ forecasts, it is estimated that an 
additional 100 to 200 MRI units will be installed in 1985, with 
approximately the same allocation between hospital and non- 
hospital placement as in 1984. MRI units at academic insti- 
tutions were used largely for both research and clinical pur- 
poses (indeed the technology continues to evolve so rapidly 
that it is difficult to separate these two uses). The nonhospital 
units were used largely for clinical purposes. 


Geographic Distribution 


Based on 1983 census data [7], there was one MRI unit in 
the U.S. for every 1.55 million residents by the end of 1984. 
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Fig. 1.—Number of hospital-based and nonhospital-based MRI units ac- 
quired during each of the first four years of clinical availability (1981-1984). 
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Fig. 2.—Cumulative number of hospital-based and nomhospital-based MRI 
units by year as of December 31, 1984. Of 79 hospital-based units, 52 were 
operating by year end, 16 were in the late phases of installation (site complete 
and/or magnet in place), and 11 were in earlier phases of installation. Of 72 
nonhospital-based units, 50 were operating by year end, 12 were in the late 
phases of installation (site complete and/or magnet in place), and 10 were in 
earlier phases of installation. 


The geographic distribution of these units is illustrated in 
Figure 3. Each of the 15 largest metropolitan statistical areas 
(MSAs) had at least one MRI unit by the end of 1984. These 
15 MSAs, representing 35% of the U.S. population, included 
47 (59%) hospital and 44 (61%) nonhospital MRI units, ac- 
counting for 60% of all U.S. MRI units. All but two of the 25 
largest MSAs had MRI sites. Fully 80% and 87% of MRI units 
were located in the top 50 and 100 MSAs, respectively. The 
population per MRI unit in these MSAs ranged from 2.0-2.2 
million to as low as 350,000. Only 20 MRI units (13%) were 
located in MSAs with populations of less than 300,000, and 
several of these were based at academic medical centers. 


Magnet Type 


Table 1 shows the number and size of MRI magnets 
installed by the end of 1984. While the units are well distrib- 
uted over the range of magnet sizes, yearly trends show 
substantial growth in the adoption of intermediate-sized mag- 
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Fig. 3.—Geographical distribution of MRI units by state as of December 31, 
1984. 


TABLE 1: Number of New MRI Placements in the U.S. by 
Magnet Size, 1981-84 











No. of Units 
Magnet Size —— = Total 
1981 1982 1983 1984 
Less than 0.5 T° Z 6 15 15 38 
0.5-0.6 T 1 0 16 49 66 
1.0T C 0 0 13 13 
1.5 T or greater C 1 1 32 34 





*T = Tesla, a measure of magnet size. 


nets (0.5 T — 0.6 T), somewhat less but still significant growth 
in the number of larger magnets (1.0 T or 1.5 T and greater), 
and a trend away from the smaller units. However, many of 
the larger magnets currently are operating at less than full 
power, partly because of Federal Drug Administration (FDA) 
constraints. Trends ove~ the last 4 years show that the 
deployment of superconductive and permanent magnets is 
accelerating, while the plecement of resistive units is dropping 
off (Fig. 4). By the end of 1984, superconductive units ac- 
counted for over three-quarters of the market. 


Site Preparation 


There is a delay of about 3 to 6 months for nonhospital 
units and about 6 to 12 months for hospital units between 
the time a contract is sigred and the time a MRI unit becomes 
operational. Most of this lag is due to the time necessary to 
prepare the site and to install radiofrequency (RF) shielding, 
which is needed for larger units. These findings are consistent 
with the fact that, of MRI systems acquired in 1984, a much 
higher percentage of nonhospital units were operating by year 
end compared to hospital units (64% [40/62] vs 43% [20/47], 
respectively). 


Location 


Seventy-two percent of hospital-based MRI units were 
located within the main hospital building, while 28% were 
placed in new, renovated, or mobile sites adjacent to the 
hospital. No nonhospital site had more than one MRI unit 
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Fig. 4. Number of MRI units by magnet type acquired during each of the 
first 4 years of clinical availability (1981-1984). 


TABLE 2: Ownership of Nonhospital-Based MRI Units in the 
U.S., 1981-84 





No. of 


Ownership Units (%) 








Physician investors 34 (47) 
Nonphysician investors 8 
Physician/nonphysician investors jointly 8 
Proprietary corporations 4 (5) 
Corporation/private investor partnerships 3 
Universities, medical schools, or foundations 8 

2 


Hospitals (3) 
Unknown 5 (7) 
Total 72 (100) 





* Units not located in a hospital complex: one owned by a hospital alone, one owned by 
a physician/hospital-consortium joint partnership. 


(although several nonhospital groups owmed more than one 
unit that were located at different sites). 

Nonhospital MRI units were split about equally between 
those within “walking distance” of the nearest hospital and 
those located up to several miles away from the nearest 
hospital. No unit was located farther than 15 km from a 
hospital, and many MRI units were intentionally placed central 
to several hospitals. Only two mobile units (one hospital- 
based, one nonhospital-based) were installed by the end of 
1984. 


Ownership 


There were 72 MRI units located in nonhospital settings, 
one-half of which also had CT scanners. Almost one-half 
(47%) of nonhospital-based MRI units were owned by groups 
of physician investors (Table 2). Most of these physicians 
were radiologists who also supervised the operation of the 
unit and interpreted the studies. These groups ranged in size 
from three to 40 people. The contractual arrangements 
among them also varied. Some units were owned equally by 
all investors, while others were owned primarily by several 
physicians who then sold shares to others. Nonphysician 
investors and joint physician/nonphysician investors owned 
almost one-quarter (22%) of all nonhospital MRI units. Pro- 
prietary corporations owned 10% of nonhospital-based MRI 
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TABLE 3: Ownership of Hospital-Based MRI Units in the U.S., 
1981-84 
ES 


No. of 
Ownership Units (%) 


Individual hospitals® 62 (78) 
Hospital consortia 3 (4) 
Hospital and universities, medical schools. or 


foundations jointly 7 (9) 
Hospitals and physicians jointly » {D 
Leased from corporations 1 (1) 
Individual investors 2 (3) 
Physician investors 2 (3) 
Unknown 1 1 
Total 79 (100) 


“Includes one unit owned by the Veterans Administration and one unit owned by the 
National Institutes of Health. 


TABLE 4: Factors Affecting the Diffusion, Siting, and 
Ownership of MRI 


Attnbutes of MRI 


e High cost 
e Uncertain reimbursement and profitability 
e Technical and clinical uncertainty 
e Limited eligibility (stable, cooperative patients) 
e Safety (noninvasive, no radiation) 
e High visibility and prestige 
e Vast potential clinical applications 
Health-Policy Initiatives 














e Cost-consciousness—prospective reimbursement systems 
(DRGs,* capitation, CON?) 

e Regulatory “loopholes” 

e FDA premarket approval (PMA) 


Market Factors 











e Increased competitive, entrepreneurial environment 
e Megacorporate health care 
e Federal tax code incentives 


* DRGs = Medicare's diagnostic-related groups. 
° CON = certificate-of-need controls. 


units, either alone or jointly with investors. Universities, med- 
ical schools, hospitals, and other nonprofit foundations ac- 
counted for the remainder of nonhospital-based units. 

The ownership of hospital-based MRI was concentrated 
among individual hospitals (78%) or among partnerships be- 
tween a hospital and its university, medical school, or non- 
profit foundation affiliate (9%) (Table 3). Three units (4%) were 
owned by hospital consortia. A variety of unique Ownership 
arrangements accounted for the remaining hospital-based 
units, including one hospital/physician partnership (1%), one 
leased from a proprietary corporation (1%), and two each 
owned by groups of physicians (3%) and groups of nonphy- 
sician investors (3%). MRI units have not been widely adopted 
by community hospitals. Fully 85% of hospital-based MRI 
units were owned by academic institutions (including one unit 
located at the National Institutes of Health). 


Discussion 
Rates of Diffusion 


While MRI has been heralded as the “most revolutionary 
imaging technique of the 20th century,” [9] its rate of adoption 
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by the health-care market has not kept pace with early 
industry forecasts. During its first 4 years of availability, the 
diffusion rate of MRI lagged significantly behind that of CT 
during a comparable period. Computed tomography (CT) was 
a technology similar to MRI in that it represented an expen- 
Sive, exciting, equipment-embodied diagnostic-imaging tech- 
nology when it was first introduced [10]. 

This slower rate of diffusion almost certainly reflects the 
technical uncertainties of MRI and the financial uncertainties 
that surround it in the current reimbursement environment. 
Factors relevant to the diffusion, siting, and ownership of MRI 
units are listed in Table 4. Despite its prestige, safety, and 
potential efficacy, several attributes of MRI may act as barriers 
to its purchase. MRI is equipment embodied and technology 
intensive, requiring a substantial initial investment for the unit 
itself and preparation of the site ($1.3-$2.6 million, depending 
on magnet size and requirements for site preparation) [11]. 
This expense, in an era of uncertain reimbursement, renders 
its profitability unclear and puts the purchaser at financial risk 
[12]. 

Also, MRI's clinical role is not well established. Despite vast 
theoretical and potential usefulness, its marginal contribution 
to the diagnosis and care of patients has not been docu- 
mented [13, 14], with the possible exception of selected 
central nervous system problems [15, 16]. As the data pre- 
sented in this paper indicate, there is little consensus regard- 
ing optimal technical configurations (e.g., size and type of 
magnet) for MRI units. Software and pulsing sequences cen- 
tral to the optimal use of these units are still being developed. 

Compared to CT, it will take longer to formally establish 
the diagnostic usefulness of MRI. MRI has been introduced 
into a system already replete with CT capability; its marginal 
contribution to diagnosis will be limited by its comparison to 
CT. When it was introduced, CT revolutionized diagnosis of 
central nervous system and abdominal pathology. In many 
instances, CT provided the first reliable nonimvasive technol- 
ogy to image these areas or it replaced more dangerous, 
uncomfortable, and invasive diagnostic procedures. MRI, 
however, must compete with this versatile, well established 
technology. 

Recent health-policy initiatives also may be influencing the 
adoption and diffusion of MRI. Medicare's new prospective 
payment system for hospital care based on diagnosis-related 
groups (DRGs) is likely to inhibit the deployment of cost- 
raising technologies [2], at least until uncertainties in its 
method of reimbursing capital and operating costs are re- 
solved. This prospective payment philosophy may be ex- 
tended to other payers and settings. Increased capitation 
reimbursement reduces the tendency to use capital-intensive 
technologies unless they have been shown to be cost-saving 
[17]. Certificate-of-need (CON) legislation, which requires 
state approval of large capital purchases by hospitals, also 
may inhibit the deployment of expensive new technologies 
like MRI to some degree [18], although a deregulation trend 
is evident at the federal level and in several states [19]. 

It is too early to determine the precise impact of health- 
policy initiatives such as DRGs and CON on MRI adoption 
and diffusion. It is unclear, for example, whether the diffusion 
of hospital-based MRI is being inhibited primarily because of 
technical and clinical uncertainties about the device, or be- 
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cause of reimbursement uncertainties induced by DRG legis- 
lation. The former explanazion may be construed as reflecting 
an appropriately functioning system, while the latter raises 
the question of whether the current DRG-based prospective 
payment system can distinguish young medical technologies 
worthy of further developnent from other new devices that 
are not likely to advance the diagnostic and therapeutic 
armamentarium. Resolution of these important questions 
must await a comprehersive study of a broad sample of 
adopters and nonadopters. 

The placement of nearl, one-half of MRI units in freestand- 
ing organizations may be related to the convergence of a 
number of factors. Since the technology itself is best suited 
to stable, cooperative pētients, it is logical that MRI units 
often be placed outside of the hospital. Many hospitalized 
patients do not meet these criteria or are unable to undergo 
MRI because they are attached to metallic monitoring devices. 
If nonhospital-based facilites are less expensive, such a siting 
strategy may be more efficient. Currently, DRGs and most 
CON regulations are limited to expenditures on hospitalized 
inpatients, a “loophole” trat encourages the “unbundling” of 
the service to outpatient settings that are free of these 
regulatory programs [4, 19, 20]. Also, the current federal tax 
code allows rapid depreciation and tax credits for investments 
made by for-profit enterprises, facilitating MRI diffusion out- 
side nonprofit hospitals. 

Marketplace factors also reinforce the trend toward inves- 
tor-owned facilities. The medical-care system has become 
more competitive and entrepreneurial [21, 22]. Changes in 
the organizational structu’e of hospitals (increased horizontal 
and vertical integration), along with expanded proprietary 
investment in medical-care delivery, have imparted a “mega- 
corporate” style to health care [23]. This trend has been 
reinforced by the increased competitive pressures on hospi- 
tals provided by the DRG program. 


Geographic Distribution 


While MRI units are cistributed throughout most of the 
United States, population-to-unit ratios vary significantly 
among MSAs with MRI units. It is not possible at present to 
determine the relationship between these geographic patterns 
of diffusion and academic medical institutions, market factors, 
regulation, or population in general. Of note, we could not 
confirm any consistent relationship between local CON policy 
regulating MRI and population-to-unit ratios. 


Choice of Equipment 


An important concern to the purchaser of MRI is protection 
against premature obsolescence [24-26]. MRI technology is 
evolving rapidly. Since very large magnets are required for 
the implementation of some potential MRI capabilities (e.g., 
spectroscopy), it is possible that the trend away from smaller 
magnets is a manifestation of purchasers’ hedge against 
obsolescence. Hospitals’ prior experience with the rapid ob- 
solescence of first-generation CT scanners [24, 25] also may 
encourage purchasers to acquire larger units even though 
they are not justified at present. These hypotheses are sup- 
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ported by the fact that many of the larger magnets (e.g., 1.5 
T) purchased to date are not yet approvec to operate at full 
power. 

DRGs and increased corporate investment in health care 
have created a highly competitive market for MRI. In the 
absence of strict performance standards, each manufacturer 
is competing to demonstrate the special advantages of its 
products. In fact, our survey of MRI sites found several that 
had changed manufacturers because of dissatisfaction with 
their original arrangements. Along with the FDA’s new pre- 
market approval (PMA) program (a regulation that requires 
manufacturers to document the safety and effectiveness of 
their devices before widespread marketing), this highly com- 
petitive environment has encouraged strengthening of coop- 
erative agreements between industry and academia. Such 
cooperation benefits industry by providing it with high-quality 
clinical feedback to help refine products and meet FDA re- 
quirements. Academic medical centers benefit from having 
access to state-of-the-art equipment, often at reduced cost. 


Location and Site Preparation 


The special shielding and site preparation and high acqui- 
sition costs required by MRI can disrupt an organization. 
Hospitals seem to be especially susceptible to political con- 
flicts and delays over where and how to place a MRI unit. 
Many hospitals must erect new structures adjacent to the 
main hospital building in order to accommodate the new 
technology, adding to the expense and delay. Although we 
found only one hospital-based mobile unit currently in opera- 
tion, these units may become more common as hospitals 
seek to minimize the capital construction costs of MRI (these 
trailer-based units can become semipermanent). 

Although construction, financing, and siting problems often 
result in significant delays in technology acquisition and or- 
ganizational disruption, the prestige of owning this highly 
visible device and the desirability of appearing to be on the 
“cutting edge” of health-care technology generate a strong 
stimulus for many hospitals to acquire MRI. This motivation 
may be especially powerful for academic institutions that have 
adopted most hospital-based MRI units and that need to 
attract and maintain highly qualified house staff, researchers, 
and medical staff [27, 28]. Even patients may respond to this 
strategy [29]; competition for patients certainly is an important 
attribute of DRGs and megacorporate health care. 

Nonhospital-based MRI units have been located in prox- 
imity to hospitals largely to facilitate referrals or as a mecha- 
nism for hospitals to circumvent CON regulation. This strategy 
may be especially important in the DRG era if, in an attempt 
to minimize the costs of inpatient hospitalization, unbundling 
of procedures becomes commonplace [2]. 


Ownership 


A wide range of MRI ownership strategies, including various 
types of partnerships, consortia, and corporate financial ar- 
rangements, have been developed. The common objective 
underlying these arrangements is risk-sharing. The high cost 
and uncertain reimbursement surrounding MRI confer signifi- 
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cant financial risk to the individual purchaser that can be 
shared by multiple investors or hospitals, while the partners 
still are able to associate themselves with the technology at 
an early stage. 

It seems likely that universities, medical schools, founda- 
tions, and hospitals increasingly will develop partnerships to 
purchase MRI and other new medical devices, and that they 
often will place them in nonhospital settings. If community 
hospitals begin to purchase MRI in significant numbers, it is 
possible that they will pursue the partnership approach as 
well. Academic institutions, which have acquired most of the 
hospital-based units so far, did so individually. However, they 
tend to have greater financial resources than community 
hospitals, may be more committed to maintaining state-of- 
the-art technology, and often received subsidies from MRI 
manufacturers during the period when manufacturers were 
obligated to form collaborative arrangements with academia 
in order to obtain FDA premarket approval. Corporations that 
purchase MRI units and lease the device to hospitals and 
investors have appeared; some MRI unit manufacturers have 
made leasing arrangements for customers through subsidiary 
divisions. Leasing may provide much of the same protection 
against risk as joint-partnership approaches. It seems likely 
that such arrangements will become increasingly common. 


Conclusions 


The findings presented in this study suggest that the pat- 
tern of siting and ownership of MRI units differs from that of 
previous technologies such as CT [10]. It is likely that some, 
if not most, of these differences are related to changes in the 
complex and dynamic interplay of forces that make up the 
health-care marketplace. 

On the one hand, MRI represents a safe, highly visible, 
prestigious new imaging device with vast clinical potential, 
factors that tend to favor its diffusion. On the other hand, 
technical and financial uncertainties tend to inhibit the adop- 
tion decision. Interacting with these factors is an unstable, 
turbulent health-care environment characterized by cost-con- 
sciousness, competition, and an emerging reliance on market 
forces to broker health-care services. 

We believe that the relatively restrained and controlled early 
diffusion of MRI will expand in the future as a result of 
continued technical improvements, increases in the number 
of favorable reimbursement coverage decisions (including 
Medicare), growth in its legitimate clinical efficacy, and contin- 
ued competitive pressures on institutions to attract patients 
who wish to maintain access to prestigious, state-of-the-art 
technology. Trends toward outpatient siting will continue, 
unless future changes in outpatient reimbursement, regula- 
tions, and the tax code become unfavorable to this pattern of 
diffusion. An important question is how current nonadopters 
such as community hospitals will respond to these changing 
incentives. 

The central question of whether MRI currently is diffusing 
at an appropriate rate is difficult to answer. MRI's usefulness 
most likely will be extended once additional clinical experience 
is obtained; more rapid diffusion might speed MRI's devel- 
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opment and evolution. On the other hand, even the current 
pace of MRI-unit deployment may not be justified in view of 
its limited clinical usefulness at this time. Perhaps the most 
rational approach to the early diffusion of MRI would have 
been a limited deployment in conjunction with a carefully 
planned data collection that allowed MRI to be evaluated in a 
controlled and coordinated fashion in all of its clinical forms 
(magnet type and size) and settings (hospital and nonhospital, 
urban and nonurban, academic and nonacademic). These 
experiences then could have been used to generate rational 
policies regarding appropriate clinical indications, costs, and 
cost-effectiveness of the technology, reimbursement rates 
and methods, and further diffusion. A central registry that 
recorded the clinical experiences of individual installations 
would have been especially helpful. 

The early diffusion of MRI has occurred in an unplanned 
fashion. While the technical capabilities of MRI have been 
worked out by manufacturers and radiologists, clinical evalu- 
ation of the technology has been haphazard and most adop- 
tion decisions have been made on the basis of anticipated 
efficacy, rather than informed judgment. Another opportunity 
to encourage the rational evaluation and diffusion of an im- 
portant new technology may have passed. Nonetheless, con- 
tinued tracking of MRI will extend our understanding of the 
relative importance of the various factors discussed here and 
will help suggest policy modifications needed to encourage 
optimal diffusion of future new technologies. 
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Radiation Oncology: A Handbook for Residents and The Allied Health Professions. By Stewat H. Jackson. 
St. Louis: Warren H. Green, Inc., 249 Pp., 1985. $37.50 


This useful monograph Is directed at medical students, residents, 
radiologic technologists, and physicians not actively engaged in the 
practice of radiation oncology. It provides a comprehensive and 
effective overview of the discipline without getting needlessly mired 
in technical detads more appropriate to a text directed at the practicing 
specialist. 

The book is organized In three sections: an initial chapter consists 
of an entertaining history of the field touching on the discovery of 
X-rays and radioisotopes, the development of technical devices to 
deliver radiation therapy, and the evolution of radiation oncology as 
a medical discipline. This is followed by an extensive glossary that 
should prove invaluable to the student of a technically sophisticated 
field often rendered more complex by technical jargon. The inital 
section includes a compendium of the medical uses of therapeutic 
radiation, and an overview of the sequential, logical thought proc- 
esses that lead to the formulation of a therapeutic strategy for the 
individual patient with a malignant neoplasm. The second portion of 
the book describes the equipment and techniques used to detiver 
treatment and is complimented by illustrative clinical examples. The 
third portion of the book deals with the assessment of current 
treatment results and with future prospects for improved anticancer 


therapies. 


This volume is abundantly illustrated with carefully chosen dia- 
grams, tables, and logic diagrams that are models >f clarity and that 
effectively complement the text. Similarly, the itusteative radiographs 
are appropriately selected, of high quality, and are carefully repro- 
duced. The result is a text that initially appears longer and more 
formidable than It actually is. 

The author is the Head of Radiation Oncology at the Cancer Control 
Agency of British Columbia. Not surprisingly, the ook emphasizes 
the elegant use of molds and immobilization devices characteristic of 
Canadian radiotherapy technique. Treatment phbosophy tends to 
refiect the more conservative posture of Canadian and British radio- 
therapy compared with the somewhat more radiotherapy 
practiced in the United States. The text is both lucid and concise, 
and is noteworthy for its sensible style. The approach is practical and 
should serve as a model for texts oriented toward delivery of patient 
care. This volume fills an important niche in the radiation oncology 
literature and will be a welcome addition to the itraries of radiation 
oncology departments actively engaged in the instruction of medical 
students, residents, and radiologic technologists. 


Anthony H. Russeli 
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Chemical Shift Imaging: 


A Review 





Chemical shift is the phenomenon that is seen when an isotope possessing a nuclear 
magnetic dipole moment resonates at a spectrum of resonance frequencies in a given 
magnetic field. These resonance frequencies, or chemical shifts, depend on the chemical 
environments of particular nuclei. Mapping the spatial distribution of nuclei associated 
with a particular chemical shift (e.g., hydrogen nuclei associated with water molecules 
or with lipid groups) is called chemical shift imaging. Several techniques of proton 
chemical shift imaging that have been applied in vivo are presented, and their clinical 
findings are reported and summarized. Acquiring high-resolution spectra for large 
numbers of volume elements in two or three dimensions may be prohibitive because of 
time constraints, but other methods of imaging lipid of water distributions (i.e., selective 
excitation, selective saturation, or variations in conventional magnetic resonance im- 
aging pulse sequences) can provide chemical shift information. These techniques 
require less time, but they lack spectral information. Since fat deposition seen by 
chemical shift imaging may not be demonstrated by conventional magnetic resonance 
imaging, certain applications of chemical shift imaging, such as in the determination of 
fatty liver disease, have greater diagnostic utility than conventional magnetic resonance 
imaging. Furthermore, edge artifacts caused by chemical shift effects can be eliminated 
by certain selective methods of data acquisition employed in chemical shift imaging. 


Introduction: The Chemical Shift 


This paper reviews the phenomenon of nuclear magnetic resonance (NMR) 
chemical shift and its current possibilities in clinical MRL It is assumed that the 
reader is familiar with the physical and technical principles involved in conventional 
MRI, that is, with the knowledge that a particular isotope that possesses a nuclear 
magnetic dipole moment exhibits resonance in a magnetic field under appropriate 
stimulation. 

The Larmor equation w = yBeyx describes the relationship among the Larmor 
precession (resonance) frequency of a magnetic nucleus, w, the gyromagnetic ratio 
of the nucleus, y, and the strength of the effective magnetic field surrounding the 
nucleus, Bey. The field of interest, the local field in which the nucleus is immersed, 
is different from the field caused by the magnet alone. This difference is caused by 
nearby nuclei and electrons having associated magnetic fields that contribute to 
the total field surrounding the nucleus of interest. Since surrounding electrons have 
associated magnetic fields that give rise to diamagnetic effects (i.e., they generate 
Opposing magnetic fields), their effect is an apparent shielding of the nucleus from 
the applied magnetic field. Thus, a particular nucleus of a given isotope (which has 
a characteristic gyromagnetic ratio) placed in a Known-strength magnetic field can 
have different resonance frequencies, depending on its chemical environment. This 
property allows the observation of a spectrum of resonance frequencies for a given 
molecule, which is the basis of spectroscopy. Of course, the magnetic field must 
be sufficiently homogeneous to allow resolution of the various spectral components. 
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Fig. 1.—Simulated in vivo spectrum, showing the water- and methylene- 
proton resonances at approximately 0.35 T. 


In conventional hydrogen (proton) MRI, no distinction is 
made with regard to the chemical environments associated 
with the various hydrogen atoms in the body. However, 
hydrogen nuclei associated with aliphatic carbon chains, 
(—CH2—),, (i.e., the methylene protons in lipids or tissues 
such as fat) resonate at a frequency that is different from 
hydrogen nuclei which are part of water molecules. Determin- 
ing the spatial distribution of nuclei that have a particular 
resonance frequency, such as water protons, rather than 
imaging the entire spectrum of resonance frequencies within 
a body, is called chemical shift imaging. Proton chemical shift 
imaging has recently been shown to be of greater diagnostic 
use than conventional MRI in some situations, such as in 
determining fatty liver disease [1-3]. 

A magnetic field in which methylene protons resonate at 
15 million hertz (15.000000 MHz) allows water protons to 
resonate at approximately 15 million and 50 hertz (15.000050 
MHz) [4]. Because the difference in resonance frequencies is 
50 hertz at a proton resonance of approximately 15 MHz, the 
chemical shift difference between methylene and water pro- 
tons is 50/15 hertz per megahertz, or 3.3 parts per million 
(ppm). Chemical shifts are generally expressed in terms of 
ppm because, while the actual frequency difference in hertz 
depends on the magnetic field strength, the difference in ppm 
does not. Figure 1 depicts a simulated in vivo proton spec- 
trum, showing the water and methylene resonances. Good 
examples of in vivo proton spectroscopy of a human head 
and thigh at 1.5 T were reported by Bottomley et al. in 1984, 
who showed that whereas both water and methylene reso- 
nances were present in the thigh, only a small fat signal was 
obtained from the head [5]. 

The total frequency range of the chemical shifts for a 
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particular nucleus depends on both the field strength and the 
isotope being studied: 

1. The total spread in frequencies is related to the total 
range of chemical shifts in ppm by the Larmor equation. 

2. The total range of chemical shifts in ppm is different for 

different isotopes. For hydrogen, the chemical shifts cover a 
range of about 12 ppm; for "°F, about 300 pom; and for °'P, 
about 320 ppm [6]. 
In spectroscopy, high fields are desirable, not only because 
of an increase in the signal-to-noise ratio, but also because 
the resonance peaks are spread over a wider frequency 
range, allowing for greater resolution in the spectrum (i.e., 
separation between the peaks). In imaginc, the improved 
signal-to-noise ratio available at higher fields is desirable but, 
unless specific resonance peaks are selectec (e.g., the water 
or the methylene resonance in proton imaging), artifacts 
caused by overlapping images resulting from different chem- 
ical shifts may become a problem. 


In Vivo Proton Chemical Shifts 


The significance of the two major in vivo resonances for 
hydrogen (water and methylene protons) is fourfold. First, the 
human body contains a large number of both water and 
methylene, or fat, nuclei. When a hydrogen NMR spectrum 
of a body is observed, it consists of major resonance peaks 
corresponding to these two frequencies as well as to others. 
Additional hydrogen-containing compounds “hat are present 
in the body, such as lactate, have their own characteristic 
resonance frequencies. When a sufficient concentration of 
such molecules is present in an adequately homogeneous 
field, corresponding resonance peaks may be observed as 
well [7]. The relaxation parameters T, and T+ can be different 
for each resonance peak, and they are usually different for 
fatty and nonfatty tissues. Relaxation times determined for 
tissues containing both methylene and weter protons are 
actually composite values resulting from both components 
[2]. At 15 MHz, human adipose tissue has a T1 of about 200 
msec while human skeletal muscle has a 71 of about 500 
msec; T2 values are approximately 80 msec and 50 msec, 
respectively [8]. 

Second, in imaging a body, since a read or frequency- 
encoding gradient spreads out resonance frequencies accord- 
ing to position along the gradient direction, the image actually 
consists of two partially overlapping sets of data: one corre- 
sponding to the water in the tissues, and ore corresponding 
to the fat. Figure 2 shows a simulated projection of a circular 
slab of “tissue,” containing equal numbers ef protons asso- 
ciated with water and fat molecules, both uniformly distrib- 
uted. Application of the read gradient to obtain a projection 
causes the two components to separate slichtly in the direc- 
tion of the gradient. Depending on the imaging parameters 
(field strength, gradient strength, and pixel size), one of these 
overlapping data sets may become sufficiently displaced with 
respect to the other that the image quality is degraded. When 
such projections are reconstructed by a two-dimensional 
Fourier transform technique, edge artifacts result [9-11]. 
Projection reconstruction of similar projectrons results in a 
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Fig. 2—A, Hypothetical circular slab of “tissue” placed in magnetic field 
with linear gradient applied. B, NMR projections of (A), showing displacement 
of the water signals toward a higner frequency as compared with fat. 


blurring instead of an edge artifact [12]. In the slice-thickness 
dimension, under conditicns of certain pulse sequences and 
nonuniform objects, the slice itself can become nonplanar 
[13]. 

Thirc, it might be desirable to image only water protons or 
only methylene protons instead of or in addition to a compos- 
ite image. It is possible to form an image from only a selected 
portion of the total MR spectrum; this process is called 
chemical shift imaging. One could also map the spatial distri- 
bution ef a specific resonance of a nucleus other than hydro- 
gen, such as phosphorus, fluorine, or sodium. For example, 
one might wish to study a particular adenosine 5’-triphos- 
phate ATP) resonance, say the beta peak, and make an 
image of only its distribution in the body—such information 
might prove useful in the diagnosis of certain metabolic con- 
ditions. Furthermore, '°F-labeled blood substitutes may have 
several resonance peaks, and if a sharp image is desired, it 
might be advisable to choose only one resonance for the 
purpose of making a fluonne image. 

Finally, it might be desirable to define one or many sensitive 
volumes within a body for the purpose of obtaining a high- 
resolution spectrum from the specified region(s). The appear- 
ance or disappearance of particular resonances or a ratio of 
certain peak heights may be indicative of specific clinical 
abnormalities. 

Many methods to acquire NMR signals selectively have 
appeared in the literature. These methods may be separated 
into two major categories: those that allow imaging of the 
Spatial distribution of a portion of a spectrum, such as one 
resonance peak, and those that allow high-resolution spec- 
troscopy of a small, defined volume within the body. Published 
methocs of obtaining high-resolution spectra from a portion 
of a living being include (1) using small surface coils, without 
or in conjunction with specialized radiofrequency (rf) pulsing 
sequences [14-16], and (2) creating a spatial distribution of 
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Fig. 3.—Schematic diagram of proton spins in upper and lower energy 
states in magnetic field, M, under conditions of (A) equilibrium and (B) saturation. 


inhomogeneity in the magnetic field in regions except the one 
from which information is desired (i.e., defining sensitive vol- 
umes) [17-21]. The latter methods are useful because of the 
effective transverse relaxation: nuclear spins rapidly dephase 
in an inhomogeneous field and thus do not contribute effec- 
tively to the total NMR signal. At this time, sensitive point 
methods are generally considered to be too slow to be 
practical clinically. Research using surface coils in conjunction 
with specialized pulse sequences for the purpose of obtaining 
in vivo high-resolution spectra continues at a rapid pace. 


Selective Saturation, Selective Excitation, and Chemical 
Shift Imaging 


When rf power of the appropriate frequency is applied to a 
sample, transitions occur that can produce an NMR signal. 
Now, if the system (i.e., the sample in the magnetic field) is 
set up magnetically so that there is no difference in the number 
of nuclei in the upper and lower energy states, and if additional 
rf power does not cause net transitions to occur between 
energy levels, the system is said to be in saturation. The 
result is that the magnetization vector disappears, and no 
NMR signal results from spins in saturation (see Fig. 3). 
Saturation can be caused by the application of excess rf 
power to a system. The saturation condition disappears ac- 
cording to the spin-lattice (T1) relaxation time of the reso- 
nance in question, but if a specific resonance peak is satu- 
rated immediately before performing a pulse sequence for 
data acquisition, there is no signal from the saturated peak. 
One resonance in a spectrum can be saturated exclusively, 
and thus its signal can be precluded from the data acquired 
after an rf pulse sequence. 

A particular resonance peak can be selectively excited by 
rf irradiation to the exclusion of others in the chemical shift 
spectrum. A long, low-power, amplitude-shaped rf pulse can 
be used to excite a narrow range of resonance frequencies 
distributed about a particular frequency. This band of fre- 
quencies is related to the shape of the rf pulse, such that a 
long, appropriately shaped (“soft”) pulse is more frequency- 
selective than a short, square (“hard”) pulse. Slices are se- 
lected in conventional MRI with the use of selective excitation: 
a frequency-selective 90° pulse is applied in conjunction with 
the gradient in the slice-selection dimension. Thus the selec- 
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tive pulse contains a defined range of frequencies with which 
it can excite hydrogen nuclei, and the slice-defining gradient 
(superimposed on the main magnetic field) determines the 
region in space (i.e., the slice thickness and location) that is 
excited. The relationship between the frequencies excited 
and the field is, of course, the Larmor equation. 

Selective saturation and selective excitation are techniques 
that can be used to allow acquisition of chemical shift infor- 
mation by modification of conventional pulse sequences used 
in MRI. The NMR spectroscopy literature is filled with descrip- 
tions of various techniques for chemical shift imaging [12, 22- 
34]. This paper discusses only methods that have been 
applied to proton MRI in vivo, and the methods described are 
related in comparison to conventional MRI. 

A conventional two-dimensional Fourier transform (2DFT) 
proton magnetic resonance image of a slice is obtained by: 
(1) a frequency-selective 90° pulse in conjunction with a 
gradient that defines the slice, followed by (2) a pulse gradient 
that introduces phase-encoding of the spins along one dimen- 
sion in the slice, followed by (3) a read gradient during the 
NMR signal acquisition that defines the second dimension of 
the slice. (Additional pulses may be employed for the purpose 
of obtaining echoes, but their use is irrelevant in this discus- 
sion.) (4) This sequence is repeated for a set of pulsed 
gradients for a specified repetition rate (TR). The number of 
different gradient pulses used defines the resolution along the 
phase-encoding dimension. (5) Finally, the entire imaging 
process may be replicated one or several times to improve 
the overall signal-to-noise ratio in the image. (6) A 2DFT is 
used to process the data into an image—that is, one set of 
Fourier transformations generates spectral information along 
the read-gradient dimension, and a second set of FTs along 
the phase-encoding dimension creates the two-dimensional 
image. 

A conventional volume acquisition is made with a second 
set of pulsed gradients in the third dimension in the imaging 
volume instead of selectively exciting a slice. Thus in a volume 
acquisition, the entire set of pulsed gradients in the third 
dimension is needed after each pulsed gradient described 
above in the sequence for a slice acquisition, and a 3DFT is 
needed for image processing. 

It is unfortunate that the use of a read gradient in either a 
volume or slice-imaging sequence, or in NMR data acquisition 
in general, results in a suboptimal NMR spectrum [22, 23]. A 
decrease in spectral resolution results because a read gra- 
dient is in fact an intentional distortion of the homogeneity of 
the magnetic field, and resonance peaks become blurred and 
may become broadened beyond detectability in the resultant 
spectrum. Instead of using a read gradient during data ac- 
quisition to define position along one dimension, one can 
Substitute a set of pulsed gradients in that dimension to 
preserve spectral information. Thus for acquisition of spectral 
data from a slice, the following procedure can be used: (1) 
selective excitation in the presence of a gradient for slice 
definition, (2) a gradient pulse in the first dimension of the 
slice, (3) a gradient pulse in the second dimension of the slice, 
and (4) data acquisition. This procedure is repeated at a 
specified TR for a set of pulsed gradients in one dimension in 
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the slice, and the entire procedure is repeated, at the same 
TR, for a set of pulsed gradients in the second dimension. A 
3DFT is needed for processing data acquisitions from such 
slices. For a volume acquisition, three sets of pulsed gradients 
are necessary to preserve spectral information in the three 
dimensions, requiring a 4DFT for data processing. 

Spectral resolution comes with a vast increase in imaging 
time when the spatial resolution is held constant. For example, 
it is possible to image a slice by conventional MRI with a 
resolution of 256 x 256 pixels and two repetitions at a TR of 
500 msec in about 4.3 min. This 4.3 min results from the fact 
that, with 256 gradient pulses, spaced 0.5 sec apart, the 
procedure takes 128 sec to complete one time and 256 sec 
to perform twice . . . and 256 sec is about 4.3 min. To obtain 
chemical shift information, if 256 pulsed gradients were used 
in each of the three directions instead of only one, the study 
would take 256 x 256 x 256 pulsed gradients x 0.5 sec 
repetition rate x 2 repetitions = 194 days. Obviously this 
duration is not feasible, and three possible alternatives are 
presented. (1) The repetition time can be shortened some- 
what, but it is limited by the compositions of the tissues that 
must be differentiated. (2) Resolution can be sacrificed in any 
or all of the three dimensions. For example, if the spatial 
resolution is limited to 64 x 64 x 32, the imaging time is 
reduced to 36 hr. (3) If it is acceptable to use a conventional 
method of slice definition for imaging a slice rather than 
imaging the entire volume, then one can acquire data from 
256 x 256 sets of pulsed gradients in “only” 18 hr, or 128 x 
128 sets in 4.5 hr, or 64 x 64 sets in 1 hr and 8 min. Thus, 
obtaining spectral information at the expense of spatial reso- 
lution is possible; if this choice is not acceptable, selective 
excitation or selective saturation may present suitable alter- 
natives. 

In an NMR spectrum with resonance peaks that are suffi- 
ciently separated by frequency, selective excitation can be 
used to excite only a particular resonance. Thus the NMR 
signal can consist of information from only one resonance in 
the entire spectrum; by application of various pulsed gra- 
dients, the position dependence of the nuclei contributing to 
this signal can be determined, as in conventional MRI. 

If one selectively saturates a resonance, then an NMR 
spectrum does not contain a signal at that frequency. In the 
particular case of an in vivo proton spectrum with only two 
intense resonances (i.e., water and methylene proton reso- 
nances separated by 3.3 ppm), NMR signals from one reso- 
nance can be acquired by saturation of the other immediately 
before the nonselective pulse (or slice-selective pulse) and 
data acquisition used in conventional MRI. 


In Vivo Chemical Shift Imaging 


Chemical shift information from hydrogen nuclei in vivo has 
been obtained by several techniques. A brief discussion of 
each method and its advantages and disadvantages follows. 

Method 1.—Pykett and Rosen in 1983 [13] presented 
water- and methylene-proton-resolved spectra for specific 
voxels in an imaged slice of a cat head and of a human 
forearm. The spectra were obtained in a 1.44-T magnet with 
a usable bore diameter of 8 cm. These position-dependent 
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spectra were acquired with a saturation recovery pulse se- 
quence, with selective excitation for defining a slice and two 
sets of pulsed gradients for determining spatial location within 
the slice. No read gradient was used during data acquisition 
so that the spectral information was preserved. 

The spectra presented consisted of 256 data points, with 
a spectral resolution of 0.27 ppm per point. The spectral data 
were reconstructed as a total proton signal to provide a 64 x 
64-pixel image with a spatial resolution of 1.3 x 1.3 x 1.5 
mm*. The final result, than, was a conventional MR image 
(i.e., an image of the signals from both water and methylene 
protons), with a spectrum available for each display pixel. It 
is possible that the NMR signals could have been separated 
into water- and methylene-proton components, with recon- 
struction of an image from each component; such images, 
however, were not shown. 

Because two sets of ptlsed gradients were used with a TR 
of 0.5 sec, the time for acquisition of one set of data can be 
calculated to be a little over 1 hr. (The number of replications 
was not stated.) To maintain the same spatial resolution over 
a field of view sufficiently large to encompass a human adult 
(e.g., 50 cm rather than 8 cm), the total data acquisition time 
for one slice would be increased to about 40 hr. With pulse- 
sequence optimization, several slices of information could be 
obtained within that time nterval; nevertheless, the total time 
involved is obviously not practical from a clinical standpoint. 
On the other hand, if the time were held constant at 1 hr, the 
pixel size would increase to a little more than 8 x 8 mm? to 
cover the field of view. Tre advantage of this method, partic- 
ularly for spectra that are more complex than two resonance 
peaks, is that the entire set of chemical shift information is 
available for the imaged region; however, this advantage may 
be offset by the increased time required for data acquisition. 

Method 2.—Bottomley et al. [5] and Rosen et al. [7] 
independently selectively saturated either a water- or a meth- 
ylene-proton resonance immediately before applying a con- 
ventional spin-echo pulse sequence. Thus it was shown to 
be possible that in vivo NMR signals from either methylene 
or water protons, respectively, could be acquired in a time 
comparable to conventional MRI. Water images and fat im- 
ages (i.e., images of water- and methylene-proton distribu- 
tions), in addition to conventional proton images, were 
shown of the human forearm, brain, and lower leg [5, 7, 35]. 
By use of selective saturation, these images were made at 
1.4 T to 1.5 T in 3 to 5 min each. 

Method 3.—A selective excitation technique was described 
in 1985 by Haase et al [36]. Rather than use selective 
saturation to exclude NMR signals from a particular reso- 
nance, described in metod 2, they selectively excited the 
unwanted resonance. Their “CHESS method” (chemical shift 
selective method) consisted of the following sequence. (1) A 
90° pulse excited only the unwanted resonance; (2) a de- 
phasing gradient dissipated the NMR signal from this reso- 
nance because of the effective transverse relaxation in a 
nonuniform magnetic field; and (3) a conventional spin-echo 
imaging pulse sequence immediately followed. The first pulse 
of the conventional imaging sequence, a slice-selective 90° 
pulse, caused a 90° precession of the net magnetization 
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vector of all protons in the slice. The NMR signal was acquired 
from only the desired protons (i.e., those not excited by the 
first, frequency-selective pulse), since the unwanted protons 
did not contribute to the total signal. Excitation of either the 
water or the methylene resonance by the initial 90° frequency- 
selective pulse produced a fat image or a water image, 
respectively, in the same time as a conventional image. 

Matthaei et al. showed water and fat images by the CHESS 
method and conventional images of a human pelvis with 
avascular necrosis of the femoral head at 2.0 T, and Haase 
et al. showed images of a human hand made in a 2.3-T, 40- 
cm bore magnet [36, 37]. Recently, Frahm et al. showed 
images of orbits and a hip made in a 2.0-T whole-body magnet 
with excellent homogeneity (1 ppm) [38]. In this latest paper, 
composite images, synthesized from the addition of separate 
water and fat images, were compared with conventional 
images: as the synthetic images did not contain chemical shift 
artifacts, they showed improved resolution, particularly in 
structures with fatty tissues nearby. Their images of the hip 
are reproduced in Figure 4 [38]. 

Method 4.—A different use of selective excitation involved 
the use of selective spin-echoes (Joseph, 1985 [39]). In a 
conventional spin-echo imaging sequence, a nonselective (i.e., 
a short, “hard”) 180° pulse causes a refocusing of all spins 
(an echo) in the imaged slice. The method described by 
Joseph instead used a selective 180° pulse (i.e., a longer 
pulse of lower intensity) [39]. He derived an equation to 
calculate the optimum pulse length for this selective pulse, 
based on the chemical shift difference between the water and 
fat resonance frequencies. This optimum pulse not only pro- 
vided a 180° rotation to the desired resonance, so that it 
would cause a selective echo, but it also provided a 360° 
rotation to the undesired resonance, so that it would not 
contribute to the echo signal. This selective pulse could be 
chosen to cause a refocusing of the proton spins associated 
with either water molecules or fat molecules, so that echoes 
would be obtained from either resonance to the exclusion of 
the other. Thus a water image or a fat image could be obtained 
in the time required for a conventional image. Conventional, 
fat, and water images of a human forearm in a 31-cm bore, 
1.4-T magnet demonstrated this method. 

Method 5.—Sepponen et al. (1984 [40]) described a differ- 
ent modification of a conventional imaging pulse sequence 
that allowed the acquisition of chemical shift information so 
that a series of images, corresponding to different chemical 
shifts, could be reconstructed. The NMR image data were 
acquired in a slightly modified conventional spin-echo pulse 
sequence, in which the time interval between the 180° pulse 
and the data acquisition was varied, while the time between 
the 90° pulse and data acquisition was held constant. A 
series of 16 different time intervals was used, so that the 
chemical shift information was apparent after an additional 
Fourier transformation in the “chemical-shift dimension.” This 
procedure resulted in 16 images of a given slice, each of the 
proton-density distribution corresponding to a particular 
chemical shift. Sepponen et al. showed images made at 0.17 
T [40]. In images of a normal and an abnormal human forearm, 
the bone marrow of a patient with chronic myeloid leukemia 
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Fig. 4.—Images of normal hip at 2.0 T. A, Conventional image; B, synthetic composite image, C, CHESS fat image; and D, CHESS wate image. Reproduced 
with permission [38]. 


showed a change in the fat-to-water ratio as compared with method of processing images of fat or water distributions by 
the normal volunteer. With a resolution of 64 x 32 pixels, a a procedure related to that described as me hod 5. With this 


TR of 1 sec, and 16 images separated in “chemical-shift- technique, only two sets of data, optimized to the fat and 
space” by 2.4 ppm, the scan time was 8 min for a 10-mm- water resonances, were obtained at 0.35 T. Since at 0.35 T 
thick slice. there is a difference in resonance frequencies of 50 Hz 


Method 6.—In 1984, Dixon independently described a between water and fat protons, the NMR signal can be 
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considered to be a vector sum of the magnetizations of fat 
protons precessing at one frequency and of water protons 
precessing at a slightly higher frequency. The interactions 
between these two signals produce modulations or beats 
(see Fig. 5). When two maxima overlap, the signals are in 
phase; when a maximum of one overlaps a minimum of the 
other, they are opposed. “he positions of these beats in time 
depend upon the relative frequencies between the two sig- 
nals. Conventional MR image data are obtained with both 
sets of protons contributing to the spin echo: the magnetiza- 
tion vectors of water and fat are in phase, and this image 
may be called the in-phas2 image, or a water-plus-fat image. 
A second set of echo data is acquired with the timing of the 
read gradient or the 180° pulse modified so that the signal is 
acquired when the water and fat magnetizations are out of 
phase with respect to each other. The resulting image is 
called an opposed image, or a water-minus-fat image. These 
two images can be added to produce a water image, or 
subtracted to yield a fat image [4]. The data for these images 
can be acquired in a time comparable to two conventional 
image sequences, with scme increase in processing time to 
add and subtract the images. In related papers, Lee et al. and 
Heiken et al. described the use of this method in the evaluation 
of hepatic fatty content [1, 3]. Whereas fatty liver disease 
was not evident by conventional MRI, the opposed and the 
lipid images contained suff cient information to allow diagnosis 
on the basis of relative signal intensities between skeletal 
muscle and the liver, both qualitatively and quantitatively. In 
a later paper by Lee et al., hepatic metastases were detected 
by this technique and ther compared with conventional spin- 
echo, inversion-recovery, and CT images [41]. They reported 
that the opposed images showed more lesions or had higher 
contrast in several patients than in conventional spin-echo or 
CT images. A conventional spin-echo image and an opposed 
image of a liver of a patient with metastatic breast disease, 
reproduced here in Figure 6, shows more contrast of the 
lesions in the opposed images [41]. Although their findings 
were similar when compared with the inversion-recovery im- 
ages, Lee et al. stated that more images could be obtained 
in a given time interval with their technique. 

Because the water and fat images are produced by addition 
or subtraction of two imeges, the patient must not move 
during or between the twc scans or misregistration artifacts 
result. (Future software developments may resolve this limi- 
tation by allowing sampling of both data sets during one 
acquisition). In addition, since the in-phase and opposed 
images are produced with signals resulting from both water 
and fat protons, the use of a read gradient during data 
acquisition can cause a ch2mical-shift artifact to be present, 
and subtraction or addition of the images can accentuate 
these edge artifacts. An additional artifact, related to the 
subtraction of images and -he fact that the absolute value or 
magnitude of the data is cisplayed, sometimes appears: by 
this method, both regions with no fat and regions with a large 
fat signal can appear bright [1, 42]. 

Method 7.—Yet another modification of a conventional MRI 
pulse sequence allows fat and water images to be separated 
from two conventional data sets (Axel et al., 1985 [43]). Ina 


CHEMICAL SHIFT IMAGING 977 


—— Lipid Signal 
-==- Water Signal 





in phase 
t 
A 
opposed 
lime = 


Fig. 5.—Schematic diagram of the generation of beats in the NMR signal. 
A, The water signal is shown to have a slightly higher frequency than lipid. B, 
When the two signals are summed, beats result. 


conventional sequence, application of a read gradient causes 
a relative displacement of water and fat signals, as shown 
previously in Figure 2. Axel et al. obtained one image in a 
normal pulse sequence and then reversed the direction of the 
read gradient for a second imaging sequence, causing the 
relative signal displacement to appear in the opposite direction 
[43]. They then applied iterative data manipulations involving 
subtraction of the two images, shifting the differences digitally 
to account for the relative chemical shift displacements and 
adding them back to the original images to create corrected 
water and fat images. In order to accentuate the effects of 
the chemical shift between fat and water in the slice, they 
decreased the magnitude of the read gradient (expressed in 
hertz per millimeter) so that the chemical shift difference 
between lipid and water, expressed in hertz, would represent 
a larger spatial separation in millimeters. Images of a thigh at 
1.5 T were presented. 

As in method 6, patient motion during or between acauisi- 
tions of the two images is a potential problem. In addition, 


978 BRATEMAN 





because image smoothing is required to remove the artifacts 
induced by the data manipulations, this method is not ex- 
pected to attain widespread Clinical utility. 

Method 8.—As described by Ordidge and Van de Vyver 
(1985 [42]), an inversion-recovery imaging sequence was 
used to advantage to minimize contribution to the acquired 
signal from water or from fat resonances. The initial pulse in 
an inversion-recovery pulse sequence is a 180° pulse, which 
causes the net magnetization to become inverted. T1 relax- 
ation causes the magnetization to increase from a negative 
number, passing through zero in its growth to an equilibrium 
value. If a 90° readout pulse is applied at the time the net 
magnetization is passing through zero, no signal results. 
Since the T1 relaxation times of fatty tissues are usually much 
shorter than those of muscle tissues, the time between the 
180° and 90° pulses (TI) can be adjusted to cause minimal 
signal from one or the other of these tissues. This procedure 
is thus called the T1-null method. Of course, the T1 values 
must be known a priori, or determined empirically. Conven- 
tional, fat, and water images of a human forearm in a 31-cm 
bore, 1.89-T magnet were displayed. 


Discussion 


The most time-consuming pulse sequences allow spectral 
information to be acquired (methods 1 and 5). If one is 
interested in imaging only fat or water distributions, it is 
possible to saturate a water or methylene resonance selec- 
tively and use a normal imaging technique, modified slightly 
by the addition of a saturating pulse at the beginning of each 
repetition (method 2). A fat image can then be obtained in 
approximately the same time as a conventional image, and 
both fat and water images can be obtained in about twice the 
time. The results appear to be comparable for the CHESS 
sequence (method 3), and for the Joseph method (method 4) 
as well. The Dixon method is more prone to induce artifacts 
than are the selective saturation or excitation methods when 
separate fat and water images are produced. However, use 
of the opposed image is not only more sensitive than either 
the added or subtracted water or fat images, it also does not 
contain misregistration artifacts [44]. The Axel method 
(method 7) generates a series of artifacts because of the 
image data manipulations [43]. 
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Fig. 6.—Images showing increased 
signal intensity in (A), the opposed image 
of a liver with two metastatic lesions (ar- 
rows), Compared with (B), the conven- 
tional image. Reproduced with permission 
[41]. (ST = stomach.) 


Saturation methods generally require absorption of more rt 
energy in the system and therefore more heating than simple 
pulses. Rf heating can become a problem in high-field (=1.0- 
T) imaging because, generally, higher power rf pulses are 
required than at lower fields. 

All selective methods require magnetic field homogeneity 
to be better than the separation between the chemical shifts 
that contribute to the NMR signal. In the case of fat-water 
separation, the magnetic field must be more uniform than 3.3 
ppm. Selective pulses must also be sufficiently exclusive or 
narrow in terms of the frequencies they excite. One additional 
point raised in two papers is that fat images can be made 
more exclusive of water than vice versa, with the reason 
given that the (-OH) group associated with fat molecules also 
resonates at the water resonance frequency [39, 42]. 

Many methods of performing chemical shift imaging have 
appeared in the literature recently. But what about the efficacy 
of the procedure? Since chemical shift imaging data acquisi- 
tion is of longer duration than conventional MRI, there must 
be additional or better information in chemical shift imaging 
for it to be clinically useful. Chemical shift imaging can provide 
a quantitative estimate of water and lipid content in tissue. 
For this reason, it is logical to compare chemical shift imaging 
to conventional MRI in the diagnosis of diseases that involve 
fatty changes. While the normal liver is 5% fat, this fraction 
can increase to 40% to 50% in response to a number of 
conditions (e.g., diabetes mellitus, obesity, alcoholism, hepa- 
totoxic drugs). Early experiments with conventional MRI dem- 
onstrated that fatty infiltration of the liver could not be de- 
tected in animals even after a significant increase in fat 
concentration [45]. However, a few recent publications have 
demonstrated convincingly the ability of chemical shift imaging 
to detect small changes in liver fat content. 

Rosen et al. induced fatty liver changes im a rat by admin- 
istering L-ethionine or ethanol [2]. Images were made before 
and 18 hr after the insult with the pulse sequence described 
in method 1 so that spectra for particular voxels could be 
acquired. The treated rat livers showed resonances associ- 
ated with lipid protons, while the normal rat livers did not. 
Furthermore, the heights of the methylene peaks in the spec- 
tra were shown to correspond quantitatively with liver triglyc- 
eride content as determined by chemical analysis. Spin-lattice 
relaxation times were determined for the water and lipid 
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resonances by imaging with four different repetition rates 
ranging from 149 msec to 905 msec, and it was reported that 
the information gained from such spectra improved the diag- 
nostic-specificity of MRI. 

The results of Roser et al. in the animal model were 
confirmed in the human əy Lee et al. and Heiken et al., who 
used the chemical shift imaging technique described as 
method 6 to examine several normal volunteers and many 
patients with CT evidence of fatty infiltrations of the liver [1, 
3]. They showed that the opposed image, which emphasized 
the difference between fat and water signals, was sensitive 
to small changes in hepatic lipid content that were not visible 
by conventional spin-echo MRI. In another paper by Lee et 
al., the opposed image showed either more lesions or higher 
contrast in differentiating liver metastases from parenchyma 
[41]. 

Although the use of cremical shift imaging has been re- 
ported in a relatively small number of human studies to date, 
it is likely to be used widely in diagnosis of diseases that 
affect the fat content of the liver. Other clinical conditions in 
which pathologic processes cause changes in the fat-water 
content include muscular dystrophy, various myopathies, and 
diffuse invasion of water-containing tumors into regions of 
high lipid content, such as bone marrow and breast. It is 
probable that chemical shift imaging will also prove to be 
superior to conventional MRI in these conditions. 

The technology for chenical shift imaging is rapidly chang- 
ing, and new methods are being reported monthly. Publication 
of clinical images using stimulated echoes for chemical shift 
imaging is expected shor-ly (Bomsdorf H, unpublished data). 
It is probable that, as imaging technologies are developed for 
higher-strength magnetic fields, the problem of the artifact 
caused by chemical shift effects will become a severe limita- 
tion of conventional MRI, and the production of water or fat 
proton images may become necessary for routine diagnosis. 
At present, itis premature to assess the overall clinical efficacy 
of chemical shift imaginc, but it is certain that significant 
improvements in the clincal applications will occur in this 
promising area of research in the next few years. 
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Bronchopulmonary Lavage 
in Pulmonary Alveolar 
Proteinosis: Chest Radiograph 


Observations 





Ten therapeutic bronchopulmonary lavages were performed in four patients with 
pulmonary alveolar proteinosis. Chest radiographs taken during the lavage procedure 
showed increased density of the washed lung owing to the presence of instilled lavage 
saline. Radiographs obtained within the first hours after lavage showed a spectrum of 
change from minimal improvement to marked worsening compared with prelavage 
examinations. Subsequent radiographs over the next week showed gradual improve- 
ment in the treated lung. By 6 weeks there was moderate to marked improvement of 
chest radiographs compared with baseline in all cases. 


The clinical syndrome of pulmonary alveolar proteinosis was first described in 
1958 by Rosen et al. [1]. The disease is characterized by filling of the alveolar 
airspaces by a protein-rich material, primarily components of surfactant and degen- 
erated alveolar epithelial cells. Clinically the disease is characterized by dyspnea 
on exertion and hypoxemia due to the ventilation-perfusion and diffusion-perfusion 
mismatching caused by the alveolar filling. 

Oral steroids, potassium iodide, and proteolytic enzymes, as well as aerosols 
containing saline, heparin, or acetylcysteine have all been tried as treatments in an 
attempt to mobilize the proteinaceous material [2]. These methods have generally 
not been effective. A more successful therapy, using whole-lung lavage with saline, 
was developed in 1965 by Ramirez-R [3]. The rationale for lung lavage as treatment 
was purely mechanistic, based on lavage fluid entering the airspaces and physically 
loosening viscous proteinaceous fluid. This mobilized material then drains out of 
the lung along with the lavage saline. 

Chest radiography is effective for monitoring objective changes in alveolar 
disease before, during, and after the treatment period, as well as for identifying 
significant complications associated with the lavage procedure itself. We report 
herein our analysis of sequential radiographs in patients with pulmonary alveolar 
proteinosis who underwent bronchopulmonary lavage. 


Materials and Methods 


Four male patients who had pulmonary alveolar proteinosis, documented by characteristic 
PAS positive staining of transbronchial biopsy specimens, had therapeutic pulmonary alveolar 
lavages under general anesthesia. Worsening of the patients’ symptoms and pulmonary 
function indicated the appropriate time for lavage. After intubation with a Carlens-type double- 
lumen endotracheal tube, both lungs were ventilated with nearly pure oxygen to replace 
intraalveolar nitrogen with oxygen. The endotracheal lumen to the lung to be lavaged was 
then clamped, causing the lung to become gasless and atelectatic as the alveolar oxygen 
was absorbed by the pulmonary circulation. 

Lavages were performed using 500 ml to 1000 mi aliquots of warmed normal saline that 
were rapidly instilled into and withdrawn from the degassed lung. Chest percussion was 
performed for several minutes while the fluid was indwelling to help loosen the proteinaceous 
material. To optimize the effect of percussion and to evenly distribute saline during instillation, 
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the patient was periodically rotated from side to side. Lavages were 
continued until the effluent saline became clear and nonviscous. This 
usually required 15 to 30 I of saline. After reexpansion of the lavaged 
lung with 100% oxygen, the double-lumen endotracheal tube was 
replaced with a standard single-lumen tube. The patients remained 
intubated for an additional 12 to 24 hr to permit control of ventilation 
and clearing of secretions. 

Sequential radiographs were evaluated retrospectively to assess 
chronologic changes in the alveolar infiltrate pattern. All radiographs 
were obtained as Clinically indicated by patients’ status. The density 
of the washed lung was evaluated by comparing each radiograph 
with the one before and after, as well as with the baseline examina- 
tion. When the overall lung density in washed areas was compara- 
tively diminished, the radiograph was considered to be improved; 
when the density was comparatively increased, the radiograph was 
considered to be worse. The general appearance of the contralateral 
lung was also noted. Two portable radiographs obtained during 
periprocedural periods were not included in the analysis, since rea- 
sonable comparative assessment of lung density was technically 
impossible. One was underpenetrated and the other was made in 
expiration. 

The time of each radiograph relative to the lavage procedure was 
then determined. Radiographs were grouped as follows: (1) baseline 
prelavage; (2) during lavage; (3) 2 hours after lavage; (4) 1 week after 
lavage; and (5) 1 to 6 weeks after lavage. Complications visible on 
the radiograph associated with the procedure were also noted. The 
radiographic findings were then correlated with changes in the pa- 
tients’ symptoms and blood gases. 


Results 


A total of 10 lung lavages were performed, three in each of 
the first three patients and one in the fourth patient. The 
fourth patient was symptomatically improved enough after a 
single lavage to decline additional procedures. The right lung 
was washed in six instances, the left in four. In the first patient 
(Figs. 1A—H), the interval between the first and second lavage 
was approximately 1 month, and 20 months elapsed between 
the second and third lavage. In the second patient (Figs. 2A- 
D), there was approximately a 1-month interval between each 
of the three procedures. In the third patient, the interval was 
4 days between the first and second lavage and 3 days 
between the second and third. 

All but the third patient had at least moderate symptomatic 
improvement after each lavage. The third patient, whose 
lavages were closely spaced in time, had symptomatic im- 
provement only after completing all procedures. Blood-gas 
analysis, however, demonstrated a variable response after 
lavage. In the six instances in which arterial blood gases were 
obtained with the patient on room air both before lavage and 
before discharge or repeat lavage, there was improvement in 
three instances, no change in two, and slight worsening in 
one. 

Sequential radiographs showed a typical pattern over time 
after lavage relative to prelavage examinations. All radi- 
ographs obtained during lavage showed increased density in 
the washed lung (Figs. 1B and 1F). In the eight radiographs 
taken within 2 hr after lavage, one showed decreased density 
in the treated lung, two showed no change, and five showed 
increased density relative to baseline or immediate prewash 
examinations (Figs. 1C and 1G). 

Twenty-one chest radiographs were obtained within 1 week 
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after the procedure. Of this group, 18 showed radiographic 
improvement, two were similar to the baseline radiographs, 
and one was worse (Figs. 1D and 1H). When more than one 
radiograph was obtained on a patient during this period, the 
most recent one appeared minimally improved over its im- 
mediate predecessor in 13 cases, the same in seven, and 
worse in one. 

All five chest radiographs taken during the 1- to 6-week 
postprocedure interval (Figs. 1E and 2B-2D) showed im- 
provement not only relative to prelavage radiographs, but also 
relative to those obtained during the week immediately after 
lavage. Where there are no radiographs from this period it is 
because the patients either underwent a repeat lavage within 
1 week or were Clinically improved enough to be discharged. 

No patient cleared completely during this 6-week interval, 
nor did any nonlavaged lung show persistent alteration in 
parenchymal pattern of perfusion. One patient developed a 
complication during his first bronchopulmonary lavage: tran- 
sient pneumomediastinum, and pneumothorax on the venti- 
lated nonlavaged side (Fig. 1B). He also demonstrated a 
transitory increase in contralateral density, probably due in 
part to saline leakage during his second lavage (Fig. 1D). 


Discussion 


The course of untreated pulmonary alveolar proteinosis has 
clearly been altered by the institution of bronchopulmonary 
lavage. Before the use of whole-lung lavage, approximately 
one-third of patients died, either as a result of pulmonary 
insufficiency due to the proteinosis itself, or of superimposed 
infection, frequently Nocardiosis. Other patients commonly 
had chronic, persistent alveolar disease, or, occasionally, 
experienced spontaneous clearance [1, 4]. Series subsequent 
to the introduction of lung lavage have reported virtual elimi- 
nation of disease-related mortality [5, 6]. 

Most studies in the literature describe some improvement 
in chest radiographs after lavage. A more detailed description 
of the radiographic appearance relative to time, as well as the 
overall importance of radiography, has not been reported [7, 
8]. Before lavage, initial baseline chest radiographs are used 
to determine which lung to treat. The side that appears denser 
is usually selected for lavage, since the lesser-involved lung 
is better able to provide adequate oxygenation during the 
procedure. 

After instillation of saline, the ipsilateral lung should be 
relatively dense, since it has been totally degassed and com- 
pletely or nearly filled with fluid. Because the volume of saline 
plus the volume of proteinaceous alveolar material usually 
does not equal total lung capacity, the ipsilateral hemithorax 
appears smaller even after saline instillation. Air broncho- 
grams may be present in bronchi that are incompletely filled 
with saline or that have completely emptied the saline into 
associated alveoli or nearby airways. 

Judging the amount of saline that should be instilled to 
achieve optimal effect is difficult. Some clinicians have used 
a fixed filling pressure, often 30 cm? H20, as an end point for 
each saline instillation, while others have used a fixed volume, 
or some combination of the two [2, 3, 5, 9]. Ideally, a sufficient 
amount of saline should be instilled so that its pressure 
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Fig. 1.—A, Baseiine posteroanterior chest radiograph shows bilateral pul- 
monary parenchymal infiltrates, primarily in central distribution typical for pul- 
monary alveolar proteinosis. B, During first left lung lavage, patient developed 
a pneumomediastinum, a right pneumothorax, and subcutaneous emphysema. 
Note double-lumen Carlens endotracheal tube (arrows) with ventilating side tip 
at 2 cm above carina and washing side well into left mainstem bronchus. C, 2 
hr after lett lung lavage and after chest-tube placement on right, the left lung 
appears improved relative to baseline, but there is increased density in right 
middle lobe. This may be caused by excess fluid that leaked across carina 
during lavage, periprocedural atelectasis, or both. D, 4 days after left lung 
lavage, lateral portion of left lung shows further improvement. E, 23 days after 


occludes the ipsilateral pulmonary blood flow, thereby shunt- 
ing bload to the contralateral, ventilated lung. After this ret- 
rospective radiographic analysis, we speculate that radiogra- 
phy can also be used to help identify this end point by 
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B, and just before second lavage, right lung has returned to baseline appear- 
ance. Left cardiac border is now more sharply defined, and overall left lung 
density shows even further improvement. F, An intraprocedural radiograph, 
during saline instillation phase of second lavage, shows virtually complete 
opacification of right lung. Note that volume of right hemithorax is smaller than 
that of the left despite added volume of instilled saline. (An obliquely positioned 
artifact is present, as well as a misplaced Swan Ganz catheter.) G, Approxi- 
mately 1 hr after second lavage, the right lung appears similar in density to E. 
H, 6 days later, there is partial clearing of the right lung relative to both the 
baseline, A, and the immediate prewash radiograph, E. 


determining the volume of fluid necessary during instillation 
to approximate total lung capacity. It is this volume that should 
allow sufficient alveolar distention to optimize loosening of 
adherent viscous material without causing pulmonary rupture, 
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and to minimize ventilation-perfusion mismatch by shunting 
blood to the ventilated lung. 

During the entire lavage procedure, and particularly during 
the initial exchange, a greater volume of fluid is instilled than 
is returned. Some of the fluid that remains is absorbed: the 
rest Stays within the lung. Not unexpectedly, therefore, radi- 
ographs obtained during the first few hours after the exchange 
may demonstrate a denser ipsilateral lung than before lavage. 
Blood-gas analysis can simultaneously show temporary de- 
terioration in oxygenation, if some of the cardiac output is 
diverted back to the washed lung before clearing. 

Alteration in the density of the contralateral lung may be 
due to atelectasis, aspiration, or spillage of saline from one 
side to the other during lavage. Spillage may occur if the 
endotracheal tube cuffs are inadequately inflated, or if the 
tube shifts position, particularly during changes in the pa- 
tient’s position for chest percussion. Shunting of blood from 
the washed lung to the nonwashed lung during the procedure 
must occur to provide adequate tissue oxygenation. We have 
been unable to detect radiographic evidence of this increased 
blood flow to the nonwashed lung during and immediately 
after lavages, possibly in part because the vessels are ob- 
scured and silhouetted by protein-filled alveoli in the non- 
washed lung. 
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Fig. 2.—A, Baseline chest radiograph before first of three lavages shows bilateral central pulmonary 
alveolar infiltrates. B, 19 days after first right lung lavage, and just before first left lung lavage, right lung 
appears improved. C, 1 month after left lung lavage, and before third lung lavage, there is some 
improvement in the left lung compared to baseline, B. D, 1 month after repeat right ung lavage, there is 
slight further improvement, not only in right lung, but also in left lung, compared to © 


In the hours and days after lavage, the washed lung grad- 
ually clears residual lavage fluid. Since the increased density 
of immediate postprocedure radiographs is due to saline that 
has replaced proteinaceous material withir the airspaces, 
there is continued radiographic improvement >ver time as the 
Saline clears. Eventually, aeration of the lavag2d lung exceeds 
that of the prelavaged baseline. In our experience, all post- 
lavage radiographs show partial Clearing of the pulmonary 
alveolar proteinosis by 6 weeks, compared with baseline 
prewash radiographs. Pulmonary mechanics and often gas 
exchange improve rapidly after lavage. Hcwever, we and 
others have not found any consistent correlation between the 
amount of chest radiograph clearing and the degree of phys- 
iologic improvement. 

Owing to inherent temporary worsening of already compro- 
mised pulmonary function, bronchopulmonery lavage is an 
extremely delicate procedure, and the poten ial for complica- 
tions is great [2, 3, 5, 10]. Radiography is essential for 
identifying and monitoring many of these peri >rocedural prob- 
lems. Endotracheal tubes and catheters. though initially po- 
sitioned correctly, may migrate during lavag2 manipulations. 
Pneumomediastinum, pneumothorax, and pleural effusion 
due to bronchoalveolar rupture are readily confirmed by chest 
radiographs, as is the status of postprocecural atelectasis, 
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infiltrate, or contralateral spillage. Any of these complications 
may or may not be clinically apparent, but in these circum- 
stances information der ved from the chest radiographs is 
important. 

in summary, bronchopulmonary lavage is an effective ther- 
apy for patients with symptomatic pulmonary alveolar pro- 
teinosis. The radiographic appearance seems to have a char- 
acteristic pattern showing gradual but incomplete clearing of 
the washed lung within hours to weeks of successful treat- 
ment. 
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Consultation In Diagnostic Imaging. Medical Consultation Series. By William W. Scott, Jr., and Penelope P. 


Scott. Philadelphia: Decker, 239 pp., 1985; soft cover $16 


This volume, from the Medical Consultation Series, deals with 
diagnostic imaging. | agree with Dr. Wheeler, who wrote the Fore- 
word, that there is a need for a book that outlines logical and efficient 
diagnostic imaging pathways for common medical and surgical con- 
ditions. This is one of several recent books that approach this subject. 
The rapid advances in radiologic technology have led to an increas- 
ingly complex diagnostic system, and to significant increases in 
medical care costs. This escalation in costs has been the impetus to 
construct avenues to control the use of expensive diagnostic exam- 
inations and such books can help physicians in this pursuit. Radiolo- 
gists can help their clinical colleagues through the maze of high 
technology resources. An increase in efficiency associated with the 
proper selection of imaging examinations for any particular clinical 
problem should result. Direct consultation with the radiologist is the 
most effective method, but when that is not possible, a handbook 
can serve as a radiologic consultative tool. The basic approach of 
this manual is to use a decision-tree flow chart accompanied by 
descriptive explanations of these flow charts. There are no pictures 
of radiographs in this book. 

This volume has been divided into sections based primarily on 
anatomic regions. Major sections cover the genitourinary, abdominal, 
obstetrical and gynecologic, musculoskeletal, and head and neck 
imaging. Each section is subdivided into individual descriptions of 
how to evaluate a specific clinical problem, such as the solitary 


pulmonary nodule or a filling defect in the renal collecting system. 
There are also “how to” subsections such as: haw to evaluate the 
mediastinum and pulmonary hilum or what to do in cases of trauma 
to specific areas such as the thorax, abdomen, or extremity. While 
the exact pathway chosen in this book may differ from that used in 
other medical institutions, this book does serve as a basic guide for 
the clinician to formulate plans for evaluation of patients. There is a 
reference list following each discussion, which is helpful for a more 
in-depth review of the individual topics. The book is small enough to 
be carried around in the coat pocket. 

One deficiency in the book is the failure to include such newer 
imaging modalities as MRI and some of the newer radionuclide- 
imaging exams. However, these tools were not proven clinically 
reliable when the book was written and should be added in the future 
editions in consultation with a radiologist. 

This book and the book entitled Diagnostic Radiology For the 
House Officer (Miller et al.) are useful for physicians in-training as well 
as generalists and physicians in most specialties as handy references. 
Physicians in emergency rooms and physician-assistants may also 
find this book to be helpful. 
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Thoracic Aortic Rupture: 
Advantages of Intraarterial Digital 
Subtraction Angiography 





Sixty-one consecutive patients with blunt thoracic trauma underwent intraarterial 
digital subtraction angiography (IA-DSA) of the thoracic aorta because of obscuration 
of the aortic knob or mediastinal widening on chest radiographs. Ten of these patients 
had aortic ruptures diagnosed by IA-DSA. Digital subtraction aortography proved 100% 
accurate as indicated by results of surgery, conventional arteriography, serial chest 
radiography, and clinical follow-up. The method was 50% faster compared with conven- 
tional aortography and saved significantly on film costs. The potential for use of smaller 
caliber catheters and a decrease in contrast requirements also make this method safer 
than conventional arteriography. We recommend IA-DSA as the procedure of choice 
when emergency aortography is warranted. 


Thoracic aortic rupture is one of the most frequent causes of death from serious 
high-speed deceleration accidents and accounts directly for 15% to 20% of fatalities 
[1-3]. While most victims who sustain this injury will die at the scene from 
exsanguination, rapid-transport helicopter systems and specialized trauma centers 
are permitting an increasing number of patients to survive [4]. Survival depends 
not only on reaching a critical-care facility, but also on rapid diagnosis and surgical 
repair of this potentially lethal injury; the death rate may reach 30% within 6 hr and 
50% within 24 hr after admission without treatment [5]. 

in our last 61 consecutive patients referred to angiography for suspected thoracic 
aortic rupture, we have used intraarterial digital subtraction angiography (IA-DSA) 
in an attempt to diagnose traumatic aortic injuries more rapidly. Thus far we have 
found this method to be faster, less costly, and as accurate as conventional 
angiography, and we are now using IA-DSA as our standard method of screening 
for posttraumatic thoracic aortic rupture. 


Methods 


Patients were referred for thoracic angiography on the basis of mechanism of injury 
combined with radiologic signs suggesting mediastinal hematoma, from either a true erect 
chest radiograph (as described by Ayella) or a supine study (when the patient could not be 
placed in an erect position because of concurrent injuries) [4]. A 6-French pigtail catheter 
was inserted into either femoral artery using the Seldinger technique and was positioned in 
the proximal thoracic arota 3-4 cm above the aortic valve to ensure opacification of the aortic 
root. A test injection was performed to evaluate catheter position and aortic flow. Studies 
were obtained by using a CGR (Thomson, Columbia, MD) digital imaging system with a 1.2- 
mm focal spot X-ray tube and a triple-mode, cesium iodide intensifier with a 9-in. (22.9-cm) 
diameter. The theoretical spatial resolution of this system is 1.6 line-pairs/mm in the 9-in. 
mode. The aortogram was performed with 36 to 44 ml of 76% sodium-meglumine diatnzoate 
contrast material (Angiovist [Berlex, Wayne, NJ] 370°) injected at 18-22 ml/sec with a Medrad 
(Pittsburgh, PA) power injector. Injection rate and volume were adjusted by the radiologist 
on the basis of blood-flow dynamics and aortic volume assessed by the test injection. Typical 
exposure factors were 70 Mas and 70-85 kVp. Images were exposed in the following 
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Fig. 1.—IA-DSA of thoracic aortic rupture. A-F, Selected images obtained from IA-DSAs of the thoracic aorta from six patients with blunt thoracic injury 
demonstrating aortic ruptures with false aneurysms just beyond left subclavian artery. Figure 1F demonstrates an intimal flap indicating injury (arrow). 


sequence: 2/sec for 1 sec, 5/sec for 3 sec, 2/sec for 2 sec, and 1/ 
sec for 2 sec. Images were displayed on a 512 x 512 pixel matrix 
and processed afterward with the best available subtraction mask. 
In all cases a suitable mask was available without the need to pixel- 
shift. Views were obtained in the left anterior oblique and anteropos- 
terior projections. In one case, a right anterior oblique projection was 
also obtained to clarify a suspected abnormality. If the patient was 
receiving mechanical ventilator support, this support was briefly 
discontinued while the imaging sequence was obtained. 

In our first 10 patients, we performed a conventional thoracic 
aortogram with biplane techniques after IA-DSA. In all cases these 
studies confirmed the findings of the IA-DSA. However, because of 
concern over potential nephrotoxicity of the increased contrast load 
and the additional time involved to obtain these dual studies, we 
abandoned this protocol. Subsequently, all positive results from IA- 
DSAs have been confirmed at surgical repair; all patients with nega- 
tive studies have been followed with serial chest radiographs, which 
have remained stable at 6-month follow-up. 


Results 
Sixty-one consecutive patients were evaluated by IA-DSA 
for suspected thoracic aortic rupture. All studies were judged 


to be technically satisfactory by the attending radiologist. The 
patients were 47 men and 14 women, ranging in age from 14 
to 86 years (mean 32.5). Forty-nine patients sustained injuries 
from high-speed deceleration involving motorcycles or auto- 
mobiles, seven were victims of falls, four were pedestrians 
struck by automobiles, and one was injured hang gliding. 
Injuries sustained included pelvic or extremity fractures (24), 
major closed head injuries (17), intraabdominal visceral injury 
(15), spine fractures (9), severe facial fractures (7), cardiac 
contusion (5), bladder or urethral rupture (1), and inferior vena 
cava laceration (1). Of the 61 patients studied, ten had aortic 
ruptures, all just distal to the left subclavian artery (Figs. 1A- 
1F); two patients had right subclavian artery lacerations with 
extravasation but normal thoracic aortas; and one had ver- 
tebral artery spasm adjacent to a compression fracture of the 
C3 vertebral body (Figs. 2A and 2B). All positive studies were 
confirmed at surgery. The remaining thoracic aortic studies 
were considered negative by DSA (Figs. 3A-3D). The first 10 
negative studies were confirmed by conventional arteriog- 
raphy after IA-DSA, but the remainder were confirmed by 
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Fig. 2—Great vessel studies with catheter in 
proximal aorta. A, Digital subtraction angiogram 
(DSA) centered on the right subciavian artery dem- 
onstrating rupture of the vessel with gross contrast 
extravasation at level of internal thoracic artery. 
Contrast material was injected from aortic arch after 
a negative aortic DSA. B, Anozher patient with 
suspected injury to the proximal great vessels. 
Images were obtained with picteil catheter in as- 
cending aorta. No vascular injury demonstrated. 
Image intensifier repositioned over proximal great 
vessels. 
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Fig. 3.—Normal thoracic aorta by |A-DSA. A-C, Three selected images from negative |A-DSAs demonstrating visualization of the ascending aorta, arch, pro ximal 
great vessels, and most of descending aorta on a single image. 


stable serial chest radiographs demonstrating a normal aortic 
outline through a 6-month follow-up (see Methods). At the 
time of this report, 11 patients have died from their injuries 
and 50 remain alive. Causes of death were related to severe 
neurologic injury (5), adult respiratory distress syndrome (2), 
infectious complications (2), and postraumatic placental 
abruption (1). One patient with aortic rupture diagnosed by 
IA-DSA subsequently died a*ter successful surgical repair of 
the aorta. 


Discussion 


Survival after thoracic aortic rupture requires prompt rec- 
ognition of the injury and surgical repair; the mortality ap- 
proaches 30% within 6 hr after admission without appropriate 
treatment [5]. Dedicated helicopter evacuation systems are 
permitting greater numbers of patients with this injury to 
survive and to reach a critical-care facility [4]. Conventional 
thoracic aortography with serial filming has been the standard 
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imaging technique used to diagnose this injury, but it is 
expensive and time consuming. Our institution admits ap- 
proximately 2000 patients yearly with major trauma and per- 
forms about 120 thoracic aortograms annually to exclude 
aortic rupture. We undertook this study to ascertain the 
diagnostic accuracy and possible advantages of digital sub- 
traction aortography over conventional methods. 

Previous studies have evaluated intravenous (IV) DSA for 
imaging of the thoracic aorta. In general, these have found 
excellent agreement between IV-DSA and conventional aor- 
tography in the diagnosis of congenital anomalies, aortic 
aneurysm, aortic dissection, and postsurgical evaluation, with 
a diagnostic accuracy of 95%-100% [6-11]. However, sev- 
eral authors have expressed concerns over the limitations of 
Spatial resolution imposed by IV-DSA and recommend caution 
in evaluating minute, <1 mm intimal injuries that may result 
from blunt thoracic trauma [6, 10-12]. 

Recently, Brant-Zawadski et al. described the advantage 
of IA-DSA over conventional angiography for low-contrast 
objects based on contrast-detail curves: they stated that both 
techniques provided equivalent resolution at greater than 1 
mm. They further noted the advantages of decreased film 
cost, time savings, and decreased contrast volume compared 
to conventional angiography [13]. Goodman et al. reviewed 
their experience using DSA with 50 patients with extremity 
trauma. They discovered one false-positive and three false- 
negative studies, none of which were considered Clinically 
significant. Although they did not have any examples of intimal 
dissection in their series, they speculated that, since intimal 
dissections are visible after percutaneous transluminal angio- 
plasty using IA-DSA they should also be detectable in major 
vessels after trauma [14]. The possibility exists that IA-DSA 
might not detect intimal flaps in the 1-2 mm range, but the 
need to treat such injuries surgically remains controversial 
(Rodriguez A, unpublished data). 

Our initial experience with IA-DSA in 61 consecutive pa- 
tients suggests that it is the method of choice for the rapid 
evaluation of the thoracic aorta for Suspected rupture. Most 
patients referred for thoracic arteriogram have significant 
concurrent multisystem injuries and require surgical interven- 
tion and/or invasive hemodynamic monitoring. Any time spent 
Studying the thoracic aorta increases the risk of rupture and 
€xsanguination when an aortic tear is present and may delay 
definitive diagnosis and treatment of other serious injuries 
(especially intracranial and intraabdominal). The use of IA- 
DSA has permitted a reduction of approximately 50% in our 
time per study. Procedure time was measured from the 
placement of the patient on the angiography table to the 
removal of the angiographic catheter and was recorded by 
the special-procedures technologist. The average time per 
Study for ten conventional thoracic aortograms performed 
before the institution of the IA-DSA technique was 30 min. 
The average procedure time decreased to 15 min when IA- 
DSA was used. The major difference in procedure time was 
related to setting up the biplane imaging system, obtaining 
preliminary radiographs, and developing and mounting the 
cut film sequence. Film costs decreased by $50 per study, 
resulting in an annual savings of $6,000. In addition, while the 
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contrast dose for the thoracic aortic study for |A-DSA for two 
views (72-88 ml) compared to the dose employed for biplane 
conventional thoracic angiography (90-100 ml) were similar, 
there was a definite overall reduction of contrast load if further 
Studies to evaluate the extremity vessels, great vessels, or 
abdominal aorta were required. Further, these additional de- 
tails were obtained without the need for catheter exchange 
and selection of branch vessels (Figs. 2A and 2B). Although 
currently we are using a 6-French pigtail catheter in our 
Studies, newer high-flow 4-French and 5-French pigtail cath- 
eters are becoming available that will allow injection rates 
sufficient to permit IA-DSA of the thoracic aorta. Since trauma 
patients are frequently in a hypocoagulable state because of 
dilution of coagulation factors and are also prone to dissemi- 
nated intravascular coagulopathy, the advantages of a smaller 
catheter size are obvious. To date, patient motion has not 
been a problem during IA-DSA of the aorta. Many of our 
patients are paralyzed and receiving mechanical ventilation 
support at the time of study, or are lucid and able to cooperate 
with the study. 

In general the 9-in. (22.9-cm) diameter field-of-view permit- 
ted simultaneous visualization of the ascending aorta, the 
arch, and the proximal great vessels, as well as most of the 
descending aorta (Figs. 3A—3C). Rupture of the thoracic aorta 
at the diaphragmatic hiatus is a rare injury accounting for less 
than 1% of reported cases of traumatic aortic rupture, with 
only three cases of posttraumatic pseudoaneurysm at this 
location reported in the literature [1 9]. If necessary, additional 
contrast material could be injected to image the thoracoab- 
dominal aorta, without a significant increase in the time of the 
Study. Six of our patients with suspected vascular injuries of 
the great vessels or abdominal visceral branches were eval- 
uated after completion of the thoracic aortogram without the 
necessity of catheter exchange; this resulted in additional 
time savings with adequate detail (Figs. 2A and 2B). 

On the basis of this experience involving a large series of 
patients, IA-DSA of the thoracic aorta has now become our 
Standard imaging procedure to exclude aortic rupture and 
has been accepted by our surgical staff. 
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Single-Contrast vs Double- 
Contrast Barium Enema in 
the Detection of Colonic 
Polyps 





Radiographic and colonoscopic correlation in 139 patients with 234 colonic polyps 
compared the sensitivity of single- and double-contrast barium enema. Single-contrast 
barium enema detected 68 (80%) of 85 polyps, with 72% of polyps under 1 cm and 94% 
of those 1 cm or over detected. Double-contrast barium enema detected 135 (91%) of 
149 polyps, with 88% of polyps under 1 cm and 96% of larger polyps detected. Thus, 
the double-contrast barium enema was more effective than the single-contrast exami- 
nation only for detection of polyps under 1 cm. The single-contrast barium enema was 
more likely performed on patients in poor physical condition and in those over 70 years 
old. The results suggest that for elderly patients, who may have difficulty in cooperating 
for a double-contrast enema, a properly performed single-contrast examination is an 
acceptable option. 


Radiographic examination of the colon has traditionally been used for detection 
of neoplasms of the large bowel. In recent years, the double-contrast barium enema 
has been advocated as being more sensitive than the single-contrast examination 
for detection of colonic polyps [1-4]. However, selection of a barium enema 
technique depends not only on the sensitivity of the examinations used, but also 
on the size of the lesions that need to be detected and the age and physical 
condition of the patients being examined. 

Elderly and debilitated patients may be difficult to examine by the double-contrast 
method because of the need for adequate mobility and cooperation. Also, detection 
of small colonic polyps under 1 cm in size is less crucial in elderly patients because 
of the low frequency of carcinoma and long malignant-transformation time of small, 
benign adenomas [5, 6]. Consequently, we have studied the sensitivity of the 
single- and double-contrast barium enema in detection of colonic polyps relative to 
their size and the age of the patients examined. 


Materials and Methods 


The radiographic and colonoscopic records for a 5-year period were reviewed, anc 139 
serial patients having a barium enema and one or more colonic polyps diagnosed endoscop- 
ically entered the study. Single-contrast barium enema was performed in 54 patients (22 
women, 32 men) and double-contrast barium enema in 85 patients (39 women, 46 men). 
Seventy-eight hospitalized patients and 61 outpatients were examined. The relationship 
between the inpatients and outpatients relative to the patient's age and the type of exami- 
nation performed were analyzed. 

Colon preparation for the barium enema was standardized for all patients and included a 
24-hr liquid diet, oral hydration, 296 ml of magnesium citrate, 59 ml of castor oil, and a 2000- 
ml tap-water enema in the radiology department on the morning of the examination. In our 
experience, this preparation has been about 95% effective for adequately cleansing the colon 
in outpatients, regardless of the patient's age. However, compliance has Deen more variable 
in inpatients and colon cleansing has been somewhat less effective, especially in the elderly. 

All radiographic examinations were done on remote control machinery (Siemens Corp., 
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Patient Fraction 


<40 40-49 50-59 60-69 >69 


Age ( Years ) 


Fig. 1.—Histogram showing the fractional distribution of patients according 
to age and type of barium enema (single-contrast, solid blocks; double-contrast, 
open blocks). 


West Germany). For the single-contrast barium enema, a dilute 18% 
wt/vol barium suspension (Liquid Sol-o-pake, E-Z EM Co, Inc., West- 
bury, NY) was used. An average of 4 large and 8 small radiographs 
were obtained, with all accessible areas of the colon compressed on 
the small radiographs. A postevacuation radiograph was not routinely 
taken. For the double-contrast enema, a high-density 100% wt/vol 
barium suspension, (Liquid Polibar, E-Z EM Co., Inc., Westbury, NY), 
wide-bore tubing, and a Miller air tip (E-Z EM Co, Inc.) were used. 
Each patient received 0.5 mg of glucagon intravenously. An average 
total of five large and nine small radiographs were obtained. Decubitus 
radiographs were not used because of our adaptation of the double- 
contrast method to remote-control machinery. 

Colonoscopy was performed with Olympus instruments (Olympus 
Corp., Lake Success, NY) of various types. On review of the colon- 
oscopic reports, all polyps 5 mm or larger in size were tabulated. 
Size determination was based on direct radiographic measurements 
when the lesions were visible, or when the polyps were not seen 
radiographically, size was based on measurements of the pathologic 
specimen or upon colonoscopic estimations. Polyps smaller than 5 
mm were excluded from the study because we do not routinely report 
these lesions radiographically, for reasons previously stated [2, 7]. 
The medical records of all patients were also reviewed, when avail- 
able, to determine the pathologic nature of the colonic neoplasms. 


Results 


In the group of 78 inpatients, a single-contrast barium 
enema was performed in 41 (53%) and double-contrast 
enema in 37 (47%). In the group of 61 outpatients, single- 
contrast barium enema was performed in only 13 (21%) and 
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TABLE 1: Sensitivity of Single-Contrast Barium Enema for 
Detection of 85 Polyps in 54 Patients 





Sere No. of Polyps No. Detected (%) 7 
5-9 53 38 (72) 
10-19 18 16 (89) 
>20 14 14 (100) 
Totals 85 68 (80) 





TABLE 2: Sensitivity of Double-Contrast Barium Enema for 
Detection of 149 Polyps in 85 Patients 








Size of Polyp (mm) No. of Polyps No. Detected (%) 
5-9 96 84 (88) 
10-19 33 32 (97) 
>20 20 19 (95) 
Totals 149 135 (91) 


TABLE 3: Sensitivity of SCBE* and DCBE? Relative to Polyp 
Size and Patient Age 


No. of Polyps (%) Detected for 








Type of Enema à bay i Patients ngao 
<70 years >70 years 
SCBE 5-9 20/23 (87) 18/30 (60) 
SCBE >10 15/16 (94) 15/16 (94) 
DCBE 5-9 70/77 (91) 14/19 (74) 
DCBE >10 40/41 (98) 11/12 (92) 


* Single-contrast barium enema. 
> Double-contrast barium enema. 


double-contrast enema in 48 (79%). The mean age of the 54 
patients having single-contrast examinations was 70 years, 
and the mean age of the 85 patients having double-contrast 
barium enemas was 59 years. The distribution of the type of 
examination performed according to age is shown in Figure 
1. The single-contrast barium enema was the more commonly 
selected examination for older patients, especially those more 
than 70 years old. 

In the 139 patients undergoing colonoscopy, 234 colonic 
polyps were discovered endoscopically. In the single-contrast 
barium enema group, 68 (80%) of 85 polyps found were 
diagnosed radiographically (Table 1). The sensitivity of the 
single-contrast barium enema for polyps under 1 cm was 72% 
and 94% for polyps 1 cm or larger. In the double-contrast 
barium enema group, 135 (91%) of 149 polyps were diag- 
nosed radiographically (Table 2). The sensitivity of the double- 
contrast examination was 88% for polyps under 1 cm and 
96% for polyps 1 cm or larger. Both radiographic examina- 
tions were somewhat more effective in detecting 5-9 mm 
polyps in patients under 70 years old (Table 3). 

Of the 234 colonic polyps found endoscopically, 169 were 
retrieved for pathologic examination (Table 4). Most of the 
remaining polyps were either fulgurated because of their small 
size or lost at colonoscopy. Benign adenama was the most 
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TABLE 4: Pathologic Findings in 169 Polyps According to Type 
of Lesien and Size 





Size of Polyp (mm) 











Type of Lesion = Total 
5-9 10-19 >20 

Hyperplastic 16 1 0 TE 
Benign adenomas 

Tubular 74 26 13 113 

Mixed 9 11 3 23 

Villous 1 1 4 6 

Carcinoma 1 1 2 4 

Other? 3 0 3 6 

Totals 104 40 25 169 





a One earcinoid, one lipoma, two juvenile, and two inflammatory polyps. 


common pathologic type, accounting for 142 (84%) of the 
169 polyps examined. Four invasive carcinomas were found 
with corresponding prevalences of 1.0% of 5-9 mm polyps, 
2.5% of 10-19 mm polyps, and 8% of larger polyps (20 mm 
or more). All four invasive carcinomas were detected radi- 


ographically. 


Discussion 


Within the past decade. the double-contrast barium enema 
has been reputed to be the most accurate radiographic ex- 
amination of the colon for detection of colonic polyps [1-4]. 
The single-contrast enema in turn has been criticized, espe- 
cially in the endoscopic literature, as a less accurate exami- 
nation [8-10]. However, the single-contrast barium enema is 
still commonly performed in the U.S., and recent radiologic 
reports have shown that it is a sensitive method of detection 
for colonic neoplasms [11-13]. This study has attempted to 
Clarify several factors to be considered when selecting a 
bariummenema technique. 

Selection of a radiogrephic technique for examination of 
the colon depends primarily on the following factors: (1) the 
sensitivities of the examinations used; (2) the age and physical 
condition of the patients examined; and (3) the time and cost 
involved in performing the examinations. Although safety is 
another consideration, the risks involved in the radiographic 
examination of the colon are minimal and are similar for both 
the single- and double-contrast studies [14, 15]. 

The sensitivity of a radographic examination of the colon 
for detecting colonic polyps is usually the most important 
factor considered. Our results confirm previous opinions that 
the double-contrast barium enema is the most sensitive radi- 
ographic method for demonstrating colonic polyps when all 
sizes are analyzed. The overall sensitivity of the double- 
contrast method in our series was 91%, compared with 80% 
for the single-contrast barium enema. Similarly, in a recent 
review ef reported statistics on the detection of colonic polyps 
unsegregated by size, the double-contrast barium enema was 
found to be superior to the single-contrast examination with 
average overall detection rates of 87% and 59%, respectively 


[3]. 
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The sensitivity of the barium enema for polyp detection in 
that review appeared to be largely dependent on the size of 
the lesions, with the double-contrast examination more sen- 
sitive for polyps under 1 cm. In the present investigation, 
overall detection rates for 5-9 mm polyps were 88% for the 
double-contrast examination and 72% for the single-contrast 
enema. Both examinations, however, were slightly less effec- 
tive in detecting small polyps in more elderly patients. This 
detection rate for small polyps by the single-contrast enema 
reflects the importance of adequate colon cleansing, the use 
of dilute, high-quality barium suspensions, and thorough 
compression fluoroscopy and filming of all accessible areas 
of the colon. Although we did not consider the detection of 
polyps under § mm, these diminutive lesions have been 
shown to be less well detected with either radiographic 
method [16-18]. 

For polyps 1 cm or larger, the properly performed single- 
contrast barium enema was shown to be capable of detecting 
the vast majority of lesions, regardless of the patient's age. 
Our results showed virtually identical sensitivities of 94% and 
96% for the single- and double-contrast barium enemas, 
respectively. Similarly, Teefey and Carlson [12] demonstrated 
a sensitivity of 94% for the single-contrast fluoroscopic barium 
enema in detecting colonic polyps above the level of the 
rectum. These authors further emphasized the advantages of 
rapid execution and relatively low cost for the single-contrast 
examination. 

The single-contrast barium enema is thus an excellent 
method of detecting polyps more than 1 cm in size. Since 
only about 1% of colonic polyps that are less than 1 cm 
harbor invasive carcinoma, it follows that the single-contrast 
examination is also capable of diagnosing the vast majority 
of polypoid carcinomas of the colon. Although the double- 
contrast barium enema was found to be somewhat more 
sensitive in detecting 5-9 mm polyps, our results would 
suggest that this superiority over the single-contrast exami- 
nation is not major. 

The age and physical condition of the patients examined 
play an important role in selecting a barium enema method. 
We have observed that elderly and debilitated patients are 
more difficult to examine radiographically, regardless of the 
technique used. This becomes a particular problem during 
the double-contrast barium enema because patient coopera- 
tion and mobility are needed to achieve adequate examina- 
tion. However, contrary to our experience, Wolf et al. [19] 
recently reported on the feasibility of performing double- 
contrast enemas in the elderly and showed an overall success 
rate of 95% in patients over 60 years old. Unfortunately, the 
sensitivity of their double-contrast examinations was not de- 
termined, nor was it compared with that of a similar group of 
patients having single-contrast barium enemas. 

In our study, the single-contrast barium enema was most 
likely to be performed on patients over 70 years old and on 
inpatients because of their poorer physical condition. In prac- 
tice, the patient's age was a major determinant in our selection 
of a barium enema technique. Single-contrast barium enemas 
were generally done on patients over 70 years old because 
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we were aware that the examination was capable of detecting 
the vast majority of colonic polyps larger than 1 cm. Further- 
more, the prevalence of invasive carcinoma in 5-9 mm polyps 
in Our series was only 1%, and the single-contrast enema 
detected over half of all lesions in this size range. 

A question also arises about the importance of undetected 
adenomas under 1 cm in patients 70 years old or more, since 
most colonic carcinomas presumably arise from adenomas. 
The cumulative risk for the development of additional adeno- 
mas has been shown to increase linearly with time and to be 
about 15% at 5 years and approximately 50% at 15 years 
[5]. Although patients with adenomas have a high risk of 
developing further adenomas, the majority of these small 
lesions probably never develop into invasive malignancy [5, 
6]. Furthermore, colonic carcinoma is a slowly evolving proc- 
ess with a minimum estimated duration of 5 years and an 
average estimated duration of 10-15 years [6]. 

The cumulative risk for the development of cancer of the 
colon is substantially less than that for adenomas, and has 
been shown to be negligible at 5 years and about 9% at 15 
years [5]. The risk of cancer in patients with adenomas less 
than 1 cm was significantly less at 15 years (only 5%). In the 
U.S., life expectancy is 14 years at age 70 and 11 years at 
age 75 [20]. Consequently, even if a small fraction of patients 
over 70 years old with undetected adenomas were to develop 
carcinoma, their more limited life expectancy would prevent 
most of them from ultimately presenting with clinically appar- 
ent malignancy. 

In a previous investigation, we demonstrated that the dou- 
ble-contrast barium enema was significantly more time con- 
suming and expensive to perform than the single-contrast 
enema [21]. The amount of physician time that was required 
doubled and the direct costs increased by 61%. The barium 
enemas during that investigation were performed on conven- 
tional fluoroscopic equipment, and decubitus radiographs 
were included in the double-contrast method. Our current 
double-contrast method using remote control machinery does 
not incorporate decubitus radiography, and this has reduced 
the total room time needed to perform the examination. 
However, the single-contrast barium enema still requires less 
time to perform and is less costly than the double-contrast 
enema [22]. 

In summary, we offer the following recommendations in 
selection of a radiographic examination for detection of co- 
lonic polyps. The double-contrast barium enema is recom- 
mended for patients less than 70 years old, because this 
technique will maximally detect polyps of all sizes. However, 
for patients over 70 years old, or for those who are debilitated 
and uncooperative, the carefully performed single-contrast 
barium enema is satisfactory, since it will identify polyps larger 
than 1 cm as effectively as the double-contrast barium enema 
does, and will also detect nearly as many 5-9 mm polyps. 
The 5-9 mm adenomas that are not detected radiographically 
in those over 70 years old will usually remain benign with 
minimal risk of malignant transformation within the expected 
lifespan of the patient. 
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Thorotrast-Induced 
Hepatosplenic Neoplasia: 
CT Identification 





Despite discontinuation of its use in the 1950s, the consequences of Thorotrast usage 
continue to be recognized. In a review of plain film and CT findings of 20 cases of 
Thorotrast exposure, 15 of 17 patients demonstrated Thorotrast accumulation in the 
liver and spleen on plain films. Typically, this appeared as regions of trabeculated 
increased density within the liver. The spleen was of normal or decreased size and 
often demonstrated a finely punctate pattern of opacification. Only two malignancies 
could be suggested on plain film alone: one hepatic and one splenic. Five patients with 
hepatic malignancies underwent CT examinations: three with cholangiocarcinoma, one 
with angiosarcoma, and one with hepatocellular carcinoma. No specific criteria could be 
established to distinguish among these lesions, as each neoplasm appeared as relatively 
low-density mass(es). Two cases of splenic angiosarcoma appeared as low-density 
filling defect(s) in the otherwise opaque spleen, one case primary and the other 
metastatic from the liver. CT was superior to plain radiography in detecting and char- 
acterizing Thorotrast distribution and any superimposed malignancy. In addition to 
periodic liver function tests, screening CT of patients exposed to Thorotrast might detect 
hepatic neoplasms at an operable stage. 


Thorotrast is a 20% colloidal solution of thorium dioxide in aqueous dextran 
introduced by Bluhbaum et al. [1] in Germany in 1928 as a radiographic contrast 
agent. The high atomic number of thorium made it an excellent contrast agent. It 
was used primarily for cerebral angiography, and 90% of the estimated 50,000- 
100,000 patients who received it were studied for this purpose [2]. Thorotrast was 
also used for hepatosplenography, peripheral angiography, and visualization of 
various body cavities. Nineteen years after its introduction, MacMahon et al. [3] 
reported the first case of a Thorotrast-induced angiosarcoma of the liver. Since 
then numerous studies have reported additional cases of this association as well 
as other Thorotrast-related neoplasms, in particular cholangiocarcinoma and 
hepatocellular carcinoma. The use of Thorotrast was curtailed, therefore, and it 
gradually disappeared during the 1950s. 

The prevalence of hepatosplenic neoplasia in this patient population has not 
been adequately quantitated. As of 1983, over 200 cases of hepatic neoplasms 
have been reported, but certainly there must be additional unreported cases [4]. A 
cancer risk relative to a control population of 1.45 has been caiculated [5]. This is 
a gross underestimate, however, since the follow-up period was only 10-20 years, 
and a latency period of at least 40 years is possible [2]. Most patients with 
Thorotrast-induced liver tumors are not diagnosed as such until the neoplasm is 
advanced and prognosis is grim. Early radiologic diagnosis offers some hope of 
cure [4]. Differentiation by imaging of hepatosplenic malignancy from Thorotrast- 
induced nonalcoholic cirrhosis and hepatic venoocclusive disease (which may 
clinically mimic advanced neoplasia) would be useful. 

This review of 20 cases of Thorotrast exposure examines the radiographic and 
CT findings of both uncomplicated Thorotrast exposure and its neoplastic sequelae. 
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Fig. 1.—Thorotrast-induced cholangiocarcinoma. A, Oral cholecystogram: spleen. Multiple dense nodes. B, Coned-down view 2 years later: lucency in 
homogeneously markedly dense liver and punctate density in normal-sized right lobe (arrows) caused by cholangiocarcinoma. 


Fig. 2.—Diagnosiic Thorotrast hepa- 
togram: large, unopacified mass (arrows). 
Tubular lucencies represent veins within 
dense parenchyma of inferior right lobe. 

Fig. 3.—Typical liver appearance 
many years after Tnorotrast exposure. 
Reticular and punctate densities super- 
imposed on opaque liver. Opaque lymph 
nodes. 





Materials and Methods evaluation for a hepatic mass. Dates of Thorotrast administration and 
dosages are not known. 

We reviewed 20 cases of patients with known exposure to Tho- Cases were accumulated from the teaching files of Tempie Uni- 

rotrast. Nineteen of these patients received Thorotrast for cerebral versity Hospital, the Armed Forces Institute of Pathology, the De- 


angiography and one patient received it as part of a diagnostic partment of Radiologic Pathology of the Johns Hopkins Hospital, and 
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Fig. 4.—Thorotrast-induced hepatic 
angiosarcoma. A, Peripheral reticulated 
hepatic densities, mostly in richt lobe. 
Very small spleen with punctate censities. 
Opaque lymph nodes. Hepatic angio- 
sarcoma. not diagnosable on plain film. B, 
Liver-spieen scan, anterior view: periph- 
eral defect in which angiosarccma was 
present. Hot marker is edge of liver. 


Fig. 5—Thorotrast-induced splenic angiosarcoma. A, Normal-sized spleen 
with punctate densities. Radiolucent filling defect caused by angiosarcoma 


the authors’ personal collections. 

Plain-film dates spanned ~ 942-1983, and CT examinations were 
from 1979 to 1983. Twelve patients had plain films only, four had CT 
only, amd four had both plan films and CT. All malignancies were 
pathologically proven. Two patients with benign hepatic disease (one 
of whom was also an alcohclic) had pathologic proof of fibrosis and 
cirrhosis (one biopsy, one autopsy). The other patients without evi- 
dence ef malignancy had treir films and/or CT scans for reasons 
unrelated to suspected hepatosplenic disease. 


Observations 


Nine patients had Thorotrast-related malignancies in the 
liver and/or spleen: five cholangiocarcinomas, three angio- 
sarcomas (two hepatic p‘imaries, one of which had splenic 
metastases, and one splenic primary), and one hepatocellular 
carcinoma. These patients with hepatosplenic malignancy had 
symptams and signs such as weight loss and abnormal liver 
funetioa tests. The other 11 had no hepatosplenic malignancy 
at the time of radiologic study. Only two of these 11 were 
symptamatic with respect to their liver; both had fibrosis and 
cirrhosis. One of five hepatic malignancies and one of two 
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(arrows). Opaque lymph nodes and normal liver. B, Same findincs on CT. 
except that punctate densities are not apparent at this window width and level. 


splenic malignancies could be detected by plain films. CT 
correctly suggested the presence of malignancy in all five 
hepatic tumors and both splenic tumors. All patients in this 
series except the patient who had a diagnostic Thorotrast 
hepatogram had opaque lymph nodes on radiography and 
CT. 


Plain Films, Liver 


A normal liver was seen in two patients, and homogsneous, 
slightly increased radiodensity was seen in two patients. 
Markedly homogeneous, increased radiodensity was seen in 
two cases, one of which developed a cholangioca’cinoma 
that manifested itself as a poorly defined relative lucency on 
a follow-up radiograph 2 years later (Fig. 1). The other was a 
patient who had a diagnostic Thorotrast hepatogram that 
demonstrated a well defined large intrahepatic mass at the 
time of Thorotrast injection (Fig. 2). Eleven patiemts had 
reticular and/or punctate densities superimposed on a back- 
ground that was either slightly radiodense or normal (Figs. 3 
and 4). Reticular densities were always either confined to or 
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Fig. 6.—Thorotrast-induced cholangiocarcinoma. Peripheral increased den- 
sity with infiltrating mass (arrows) displacing Thorotrast and causing parenchy- 


most prominent in the periphery of the right lobe. Four of the 
11 patients in this last group had hepatic malignancies (three 
cholangiocarcinomas and one angiosarcoma), but there were 
no specific features on the plain films indicative of malignancy. 
Only patients whose plain films were done in the 1970s and 
1980s had no overall increased hepatic density, probably 
because sufficient time had elapsed for redistribution of Tho- 
rotrast to the lymphatics. 


Plain Films, Spleen 


Ten spleens were normal in size. Of these, two had normal 
radiodensity, two were homogeneously dense, and six had a 
punctate increased radiodensity (Figs. 1A, 3, and 5). One of 
these 10 had a superimposed, well circumscribed filling defect 
that proved to be a primary splenic angiosarcoma (Fig. 5), 
and one harbored multiple angiosarcoma metastases that 
were invisible on plain film but were readily detected by CT. 
Seven spleens were small (7 cm or less in longest axis) and 
densely punctate (Fig. 4A). 

The patients with small or very small spleens had a longer 
interval between their Thorotrast exposure and their radi- 
ographs than the patients with normal-sized spleens. 


CT, Liver 


Two livers had no increased attenuation to Suggest Tho- 
rotrast deposition (Fig. 5B). One of these patients had a large 
central hypodense hepatic mass (cholangiocarcinoma). One 
liver had homogeneous, slightly increased density and en- 
largement of the caudate lobe, suggesting some degree of 
hepatic fibrosis. Five livers had reticulated densities, most 
prominent peripherally in the right lobe but also present 
peripherally elsewhere, and much better defined by CT than 
by plain film examination. Four of these five patients had 
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mal defect. Dilated ducts (arrowheads) and ascites. Small, homogeneously 
very Opaque spleen. 


hepatic malignancies: two cholangiocarcinorras (Fig. 6), one 
hepatocellular carcinoma (Fig. 7), one angios arcoma (Fig. 8). 


The malignancies could be seen as hypodense2 defects within 
the parenchyma in much the same fashion as in patients 
without Thorotrast exposure, or as displacement of the retic- 
ulated densities. One cholangiocarcinoma wa3 a solitary, well 
defined intrahepatic mass accompanied by soft-tissue 
masses surrounding Thorotrast in paraaorté nodes repre- 
senting metastatic disease. The other was an infiltrating, 
poorly defined mass causing ductal dilatatim. Ascites was 
present in both patients. Both the hepatocelular carcinoma 
and the angiosarcoma were depicted as mutifocal isodense 
or hypodense masses, some of which were peripheral, pro- 
ducing lobulations of contour. The hepatocelular carcinoma 
was associated with ascites. The angiosarcona invaded the 
peritoneum and metastasized to the spleen and was associ- 
ated with caudate and left-lobe enlargement. The one patient 
with reticulated densities on CT who had no nalignancy had 
no parenchymal defects and had cirrhosis at eutopsy (Fig. 9). 
The contribution of the Thorotrast to the cirrt osis is unclear, 
as this patient was an alcoholic. 


CT, Spleen 


Three patients had small spleens (4-6 cm n longest axis). 
Two were very dense and homogeneous (Fig. 6) and one had 
a punctate pattern. Five patients had normal or near normal- 
sized spleens. These spleens had punctate in >reased density 
at wide window settings (Fig. 9) but appeared homogeneously 
radiodense at narrow window settings (Fig. 7). One of these 
normal-sized spleens had multiple soft-tissue masses as filling 
defects in a slightly punctate, dense spleric background 
(metastatic angiosarcoma) (Fig. 8), and one had a solitary 
soft-tissue mass that displaced a nearly uniform, dense 
splenic background (Fig. 5B) (primary angiosercoma). 
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Fig. 8.—Thorotrast-induced angiosarcoma of liver. A, Subtle multifocal and 
infiltrative low-density tumor infiltrates most of liver. Peripheral reticulated 
Thorotrast does not help in diagnosis. Splenic metastasis (arrow) is defect in 
otherwise opaque spleen. Thorotrast facilitates this diagnosis. B, Lower cut: in 


Discussion 


The physics of *°Th, the radioactive (and radiopaque) 
component of Thorotrast, has been discussed in detail [2- 
11]. Thorotrast particles of 3-10 um are phagocytized by the 
reticuloendothelial cells of zhe liver, spleen, and bone marrow 
with slow redistribution to the lymphatics. The liver absorbs 
70% of the injected dose and the spleen 20%; the remaining 
dose is shared primarily by the bone marrow and lymph 
nodes. The average latency period from exposure to Thoro- 
trast to development of liver cancer is 26 years (range, 3-40 
years) [2, 8, 11]. 
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addition to splenic metastasis (cursor), soft-tissue masses in liver displace 
reticulated Thorotrast (black arrows) and extend into peritoneal cavtty (white 
arrows). 


The plain film findings of Thorotrast have been previously 
described [5]. Radiographs and/or tomograms obtained 24- 
72 hr after the administration of thorium dioxide show it 
uniformly and smoothly distributed throughout the liver and 
spleen [12]. Most of the radiopaque thorium is in the cells of 
the reticuloendothelial system. 

Radiographs obtained years later reveal a different but 
characteristic pattern [7, 9, 13]. The initial homogeneous 
hepatic pattern develops a lacy, reticular appearance es Tho- 
rotrast slowly migrates to the lymphatic system. The reticular 
pattern is most apparent in the periphery of the right lobe, 
especially at the inferior margin. The spleen becomes small 
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Fig. 9.—Cirrhosis in alcoholic with Thorotrast exposure. Ascites, lobulated 
liver contour with reticulated densities, and enlarged caudate lobe. Punctate 
increased splenic density and opaque lymph nodes creating streak artifacts. 


and markedly dense over time because of superimposition of 
punctate opacities and splenic pulp fibrosis. As Thorotrast 
migrates to the lymphatics, regional lymph nodes accumulate 
thorium dioxide and become radiodense. Deposits are great- 
est in peripancreatic and periportal nodes, although involve- 
ment of perisplenic nodes does occur. The lymph nodes are 
of metallic density and irregularly shaped. Small linear densi- 
ties extending from the nodes may be seen, representing 
opacified lymphatic channels. When the homogeneous in- 
creased hepatic density disappears, detection of hepatic 
masses by plain radiography is nearly impossible. However, 
some splenic masses will still be visible. 

Light and electron microscopy and autoradiography (Fig. 
10) have demonstrated thorium dioxide in the Kupffer cells 
and macrophages, both free within the cytoplasm and within 
phagosomes. The macrophages and Kupffer cells gradually 
transfer thorium to the portal triads. Direct thorium uptake by 
hepatocytes has been documented, followed by excretion 
into bile. Small particles have been observed in hepatocytes 
as long as 30 years after injection [14]. Pathologic studies 
have shown that fibrosis occurs to variable degrees around 
the portal triads and the centrilobular veins [14, 15]. Thorium- 
containing brown granules are scattered throughout the liver, 
Surrounded by collagen bundles in the portal triads. 

Hepatic venoocclusive disease producing postsinusoidal 
obstruction and portal hypertension has been observed [1 SI. 
Although the pathogenesis is not clear, it is believed to be 
secondary to radiation-induced endothelial injury of the central 
vein with subsequent fibrosis. Peliosis hepatis has been re- 
ported to occur in Thorotrast exposure. Okuda et al. [16] 
suggested that a weakness in the reticular framework leads 
to sinusoidal dilatation with formation of large blood-filled 
cystic collections. 

Most reports have described angiosarcomas accounting 
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for 50% of the Thorotrast-associated neoplasms, while cho- 
langiocarcinoma and hepatocellular carcinoma accounted for 
the remaining half [4]. A study in Japan found that half of the 
Thorotrast-associated malignancies were cholangiocarcino- 
mas and the remaining half were divided between angiosar- 
comas and hepatocellular carcinomas [17]. A possible expla- 
nation for this difference may be related to the smaller doses 
used in Japan. 


Angiosarcoma 


Angiosarcomas are exceedingly rare tumors. The reported 
incidence of this neoplasm varies from 0.14 to0.25 per million 
[18, 19]. Epidemiologic studies in New York confirmed that 
Thorotrast-induced angiosarcoma was increasing in the 
1970s [20]. In Japan the incidence of angiasarcoma is still 
increasing. The longer latency period is probably due to the 
smaller doses used in Japan. About 7%-10% of hepatic 
angiosarcomas are Thorotrast related [10]. 

Clinically angiosarcomas cause epigastric pain, jaundice, 
weakness, nausea, and malaise and occasionally catastrophic 
hemoperitoneum [21, 22]. Liver function tests are abnormal. 
In particular, the gamma glutamyl transpeptidase, as well as 
alkaline phosphatase, is almost always elevated [3, 21]. An- 
giosarcomas are often multinodular, occasionally solitary, and 
often red-purple from hemorrhage [5, 10, 19. Histologically, 
precursor stages can be identified consisting of regions of 
combined hyperplasia of hepatocytes and a variety of sinus- 
oidal and presinusoidal cells. Sinusoidal dilatation and an 
excess of reticulin are associated [10]. 


Cholangiocarcinoma 


Patients with cholangiocarcinoma have symptoms similar 
to other hepatic tumors, with vague right-upper-quadrant 
pain, nausea, vomiting, weight loss, weakness, and jaundice. 

As with the Thorotrast-associated angiosarcomas, the 
gamma glutamyl transpeptidase and alkaline phosphatase are 
usually elevated. Pathologically, Thorotrast-associated cho- 
langiocarcinomas are similar to other cholangiocarcinomas, 
except that Thorotrast-associated fibrosis coexists [23]. It is 
interesting that half of the patients in one series had associ- 
ated thyroid disease (hypothyroidism and/or malignancy) 
[23]. 


Hepatocellular Carcinoma 


Symptoms and signs of Thorotrast-associated disease are 
no different from those in hepatocellular carcinomas associ- 
ated with cirrhosis. 


Splenic Angiosarcoma 


Only about 55 cases of splenic angiosarcoma have been 
reported in the world literature [24]. They have an extremely 
poor prognosis, with only 20% of patients surviving 6 months 
after diagnosis. About 70% metastasize to liver and about 
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Fig. 10.—Histology of Thorotrast in liver. A, Low-power photomicrograph 
(x25): Thorotrast (dark material) 3redominantly in portal macrophages and also 
in small clusters of Kupffer cels (AFIP negative 85-9111). B, High-power 


one-third undergo spontaneous rupture [22]. There has been 
only one report of splenic angiosarcoma associated with 
Thorotrast [25]. If angiosarcoma is present in both liver and 
spleen, the liver is assumed to be the primary site when 
precursor lesions are present in the liver [10]. The low inci- 
dence of Thorotrast-induced angiosarcoma of the spleen may 
be explained by the underlying pathologic process in Thoro- 
trast exposure, that is, the often complete replacement of 
norma! splenic tissue wit? fibrous tissue. No normal splenic 
tissue remains, therefore. to undergo malignant change [26]. 
The two spleens in our series in which malignancy was 
present were of normal o7 near normal size. 


Role of CT 


As anticipated, CT is superior to plain radiography in its 
depiction of the presence and distribution of Thorotrast in the 
liver and spleen. Soft-tissue masses representing neoplasms 
are far more likely to be detected by CT in the liver, spleen, 
and lymph nodes (sometimes surrounding Thorotrast, due to 
metastatic disease). Invasion of contiguous soft-tissue struc- 
tures is shown only by CT. Thorotrast deposition in the liver 
was usually of no help in detecting space-occupying disease 
because of its usually reticular, irregular distribution, whereas 
its mor regular distribution in the spleen did facilitate mass 
detection. Hepatic masses were detected by CT as low- 
attenuation parenchymal defects in the same fashion as in 
non-Thorotrast patients. Splenic CT can usually depict the 
spleen as homogeneously dense when plain radiography 
shows innumerable punctate densities; this is a function of 
window width and level. 

Differentiation among regenerating nodule(s), peliosis he- 
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photomicrograph (x630): granular aggregates of Thorotrast in cen'er of field 
(AFIP negative 85-9109). C, Autoradiograph (x630): alpha tracks in photo- 
graphic emulsion overlying Thorotrast (AFIP negative 85-9110). 


patis, and malignancy when space-occupying disease is seen 
in the liver in a Thorotrast patient is probably not strictly 
possible by CT unless ancillary findings such as adenopathy 
or dilated bile ducts are present. We did not encounter these 
potential causes of confusion. 

Sulfur-colloid scans are likely to be contributory for this 
differentiation only if a region in question on CT demonstrates 
increased uptake, suggesting a regenerative nodule. 

Angiography may be able to differentiate between angio- 
sarcoma and peliosis hepatis as the cause of CT-demon- 
strated space-occupying masses (the former classically has 
peripheral tumor staining in the late arterial phase, the latter 
does not), but more advanced cases of angiosarcoma need 
not demonstrate this finding [27]. 

Dynamic CT is not likely to help, as there may be consid- 
erable overlap between CT enhancement characterstics of 
angiosarcoma, peliosis hepatis, and cavernous hemangioma. 

However, for differentiating among angiosarcoma, cholan- 
giocarcinoma, and hepatocellular carcinoma, some JT find- 
ings suggest a specific diagnosis. Splenic metastases favor 
angiosarcoma, and dilated bile ducts favor cholangiocarci- 
noma. Spontaneous hemoperitoneum favors angiosarcoma. 
An elevation in serum alpha-fetoprotein would strongly favor 
hepatocellular carcinoma. Prognosis is dismal with ell three. 
The fact that we saw only one case of splenic angiosarcoma 
supports the impression that Thorotrast-induced primary 
splenic neoplasia is very rare. Nevertheless, a splenic space- 
occupying mass in a Thorotrast patient is likely to be either 
metastatic or primary angiosarcoma. 

Although cases of Thorotrast-induced malignancies peaked 
in the late 1970s and early 1980s, continued awareness by 
Clinicians and radiologists will be required for many years, 
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since the use of Thorotrast was advocated as late as 1957 
[12]. The dismal prognosis in patients with Thorotrast-induced 
hepatosplenic neoplasia is related, in part, to the advanced 
Stage of disease found at the time of detection, when symp- 
toms first develop. If the cancers could be detected early, and 
if significant fibrosis were not present, some hope of surgical 
cure exists [4]. Serum dysproteinemia and elevation of 
gamma glutamyl transpeptidase and alkaline phosphatase 
may indicate the presence of Thorotrast-induced liver cancer 
[4, 21]. Periodic screening of patients exposed to Thorotrast 
with these blood tests and CT might afford early tumor 
detection. CT should also be useful in excluding neoplasm in 
patients with abnormal blood tests and Thorotrast-induced 
fibrosis, cirrhosis, or venoocclusive disease [15]. 
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Hepatocellular Carcinoma 
Presenting as Primary 
Extrahepatic Mass on CT 





Seven cases of hepatocellular carcinoma (hepatoma) (HCC) presenting as primary 
extrahepatic masses on CT are reported. All cases were diagnosed at the time of 
percutaneous biopsy, surgical resection, or autopsy. In none of the cases was the final 
diagnosis of HCC prospectively suspected on the basis of clinical and radiologic findings. 
Although three of the patients were at higher risk for development of HCC because of 
their medical histories, the absence of an elevated serum alpha-fetoprotein level and 
the extrahepatic location of the masses by CT suggested other disease. This variable 
pattern of radiologic presentation of HCC should be kept in mind during the evaluation 
of patients with suspected HCC, or when the findings on abdominal/pelvic CT of mass 
and presumed hepatic metastases are at variance with the clinical presentation. 


In the United States hepatocellular carcinoma (HCC) accounts for only a small 
percentage of hepatic malignancy, especially when compared with metastatic 
disease. Until recently, it posed a diagnostic dilemma for both the clinician and the 
radiologist. The development of noninvasive cross-sectional imaging techniques 
and imaging protocols, particularly dynamic contrast-enhanced CT and high-reso- 
lution real-time sonography, has improved diagnostic capabilities in patients at risk 
for development of HCC. These include patients with a history of chronic liver 
disease (for example, alcoholism, hepatitis B, or hemochromatosis), since 85% of 
all HCC arise in a cirrhotic or precirrhotic liver [1]. The CT appearances of 
hepatomas as solitary, multifocal, or diffusely heterogeneous low-density areas, 
with or without punctate calcification, and variable degrees of vascular enhance- 
ment have been well described [2-10]. More recent studies have demonstrated 
the capacity of CT to depict portal venous involvement [11-14] and the extrahepatic 
spread of tumor [15]. In the majority of patients with a clinical diagnosis of HCC, 
staging by CT will avoid the need for further evaluation by angiography, unless 
surgical resection is contemplated. In those patients whose lesions are considered 
suitable for surgical resection, a combination of hepatic angiography with CT has 
been suggested as a superior way to assess resectability [16, 17]. 

Unfortunately, the diagnosis of HCC may be delayed or overlooked if there is no 
suspicion of the carcinoma from clinical evaluation or radiologic findings. We present 
seven cases of HCC that presented as primary extrahepatic masses on CT, all of 
which were incorrectly diagnosed before pathologic tissue evaluation because of 
the radiologic, and clinical presentations. 


Methods 


All patients were identified retrospectively by correlation of the pathologic diagnosis with 
the radiologic findings. The patients ranged in age from 21 to 74 years (mean age, 46), and 
included five women and two men. Predisposing factors for the development of HCC were 
present in three of the seven patients, including cirrhosis or postnecrotic cirrhosis im two and 
previous history of “liver tumor” in one. Three patients were evaluated because of epigastric 
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or mid-back pain; two were evaluated for weight loss and/or palpable 
mass; one was evaluated for jaundice; and one patient with a 
mesocaval shunt was evaluated for progressive abdominal distention. 

The CT studies were obtained with either a Technicare (Delta) 
2010 (Cleveland, OH), a GE 8800 (Milwaukee, WI), or a Siemens 
Somatom 2 scanner (Mississauga, Ontario, Canada). Six of the seven 
patients had both a noncontrast and a contrast-enhanced scan. 
Initially, 1-cm thick sections were obtained through the liver before 
the contrast medium was administered. IV contrast administration 
then consisted of bolus injection with or without accompanying drip 
infusion. The seventh patient underwent unenhanced CT evaluation 
only, as contrast administration was medically contraindicated. Four 
patients were also examined by sonography, and two had nuclear 
medicine studies of the liver. None of the patients underwent angiog- 
raphy. 

The final diagnosis of hepatocellular carcinoma was made in each 
case by evaluation of tissue by percutaneous biopsy, surgical resec- 
tion, or autopsy. 


Results 


All patients had bulky extrahepatic masses on CT exami- 
nation of the abdomen/pelvis, and all were interpreted as 
primary extrahepatic malignancies. Five of the seven had 
hepatic lesions interpreted as metastases. One of these five 
had calcifications within an hepatic lesion. 

Four patients presented with a CT appearance of a large 
extrahepatic mass and one or more smaller intrahepatic le- 
sions. Three of the four had no prior history of liver disease; 
their diagnoses included a bilobed retrogastric sarcoma in a 
21-year-old man (Fig. 1), an ovarian carcinoma in a 24-year- 
old woman (Fig. 2), and an adrenal malignancy in a 44-year- 
old woman (Fig. 3). The fourth patient had had a liver neo- 
plasm resected 5 years before presentation; her CT exami- 
nation showed an omental mass (Fig. 4), believed to be a 
lymphoma or mesenchymal tumor, and a solitary small hepatic 
lesion, found on biopsy to be a surgical defect from the 
previous hepatic resection. 

Three patients (Figs. 5 and 6) had masses in the region of 
the pancreatic head, and all were diagnosed as pancreatic 
carcinomas. Only one of the three had intrahepatic focal 
defects, thought to be metastatic deposits. This patient had 
no prior history of liver disease. The two patients with pan- 
creatic head masses and normal liver studies had histories of 
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Fig. 1.—21-year-old man with left upper quad- 
rant fullness. A, Unenhanced CT scan shows 
large bilobed left retrogastric mass (arrows) dis- 
placing stomach and indenting the liver. Mass 
was diagnosed as being retroperitoneal because 
of its retrogastric location, proximity to left kidney, 
and presence of a fat plane separating mass from 
liver. B, After IV bolus of contrast media, minimal 
irregular rim enhancement is noted. Superior mes- 
enteric artery was identified on scans distal to the 
mass. Exploratory surgery confirmed retroperi- 
toneal location of the lesion, which was not at- 
tached to the liver and represented a large retro- 
peritoneal metastatic deposit. 


cirrhosis. In one case, (Fig. 6), autopsy revealed HCC tumor 
thrombus occluding the mesocaval shunt and the portal, 
splenic, and mesenteric veins; no tumor was found within the 
hepatic parenchyma on gross or microscopic evaluation of 
the liver. 

A clinical diagnosis of HCC was not seriously entertained 
in any of the patients. In only one of the seven was an alpha- 
fetoprotein level obtained, and it was normal. In only one of 
the seven patients was the diagnosis made by percutaneous 
biopsy (of the extrahepatic mass), the method of choice for 
tissue diagnosis in patients with extrahepatic spread of HCC 
[15]. Except for one case, where diagnosis was made at 
autopsy, diagnoses were made after surgical resection. 


Discussion 


HCC is one of the most common malignancies in the world, 
with particularly high frequency rates in Asia and Africa; in 
Mozambique it surpasses all other malignancies combined as 
the cause of death in adult males [18]. In the U.S., the 
frequency of HCC is low in comparison with that of metastatic 
liver disease, which is 18 to 20 times more common [1]. 
Predisposing factors include cirrhosis, particularly of the post- 
necrotic form, which may follow hepatitis B infection. The 
prognosis remains poor, despite advances in chemotherapeu- 
tic and surgical approaches [19, 20], probably because most 
patients have unresectable disease at the time of diagnosis 
[15]. Early detection and surgical resection remain the best 
hope for survival [20]. Unfortunately, in most patients with 
liver disease and chronically elevated liver function tests, 
abnormal alpha-fetoprotein levels and/or imaging studies, 
early Clinical, laboratory, or radiologic findings of HCC may be 
difficult to distinguish from the underlying chronic abnormali- 
ties, even though the suspicion of HCC development may be 
high. By comparison, since it is uncommon, HCC may not be 
high on the clinical or radiologic differential for patients who 
have no history of liver disease and who present with abdom- 
inal pain or abnormal liver function tests. Interestingly, in one 
study 67% of North American patients with HCC had no 
history of liver disease, and many were initially evaluated for 
other causes of abdominal pain [21]. 

The role of radiology in a patient with known HCC (by 
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Fig. 2—24-year-old woman with dyspareunia 
and pelvic mass. A, Pelvic CT scan shows het- 
erogeneeus mass appearing to partially encase 
uterus and compress rectum. B, Enhanced CT 
scan shows large left hepatic lobe mass (arrows) 
with minimal irregular enhancement. In the ab- 
sence of other extrahepatic lesions or a history 
of liver disease, the mass was diagnosed as a 
primary gynecologic malignancy with hepatic me- 
tastasis. At surgery, pelvic mass was found to be 
a “crop” metastasis from primary liver tumor, but 
there was no direct extension of tumor beyond 
liver capsule or other intraperitomeal metastases. 


Fig. 3—44-year-old woman with epigastric pain and abnormal sonogram. 
CT scan after IV contrast bolus reveals heterogeneously enhancing right 
suprarenal mass that abuts the liver. Although an exophytic renal or hepatic 
mass was considered, a sharp ceavage plane separating mass from liver and 
kidney on all CT and sonogram images suggested an adrenal mass. Multiple 
hepatic lesions were interpreted as metastases. Percutaneous biopsy of “ad- 
renal” mass and liver lesions demonstrated HCC, and surgical exploration was 
deferred. 


clinical and laboratory and/or pathologic evidence) is to de- 
termine the extent of disease. Surgical resectability requires: 
(1) at least one disease-free hepatic segment; (2) no extension 
into the portal vein, hepatic vein, or inferior vena cava; (3) no 
direct extrahepatic extension; and (4) no distant metastases 
[15, 20]. CT of the liver after intraarterial injection of lipiodol 
[22-24], dynamic CT during superior mesenteric arterial por- 
tography [3] or during nepatic arterial infusion [17], and 
infusion hepatic angiography [25] have recently been reported 
as the most sensitive and accurate techniques for staging. 
Perhaps the most important role of any procedure is to 
demonstrate unresectabil ty of the disease, and to spare the 
patient an unnecessary laparotomy [15]. In patients with 
clinical and/or laboratory suggestion of HCC, confirmation of 
the diagnosis may be promptly obtained with high-resolution 
sonographic examination [26] and percutaneous biopsy 
[27]. 
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Fig. 4. 50-year-old woman with lower abdominal pain and history of “liver 
tumor.” CT scan shows omental mass. Small solitary intrahepatic defect noted 
on CT examination was found to be postresection fibrous tissue at laparotomy; 
the omental mass was a metastatic implant. 





Fig. 5.—43-year-old woman with upper lumbar back pain. Unenhanced CT 
scan shows pancreatic head mass separate from liver. The portal vein and 
pancreas were not further delineated on enhanced scan. Intrahepatic defects 
(arrows) interpreted as metastatic deposits were better seen on unenhanced 
CT scan. Open biopsy of pancreatic head mass and liver lesions demonstrated 
hepatoma, though no connection between pancreatic and liver lesions was 
seen. 
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In contrast, in patients with no history of liver disease and 
no clinical or laboratory suspicion of HCC, the results of 
screening sonographic or CT examinations are not sufficiently 
specific to favor the diagnosis of HCC over other hepatic 
lesions without tissue confirmation. This is particularly true if 
concomitant bulky extrahepatic disease is found, as the origin 
of a tumor is frequently assumed to be at the location of the 
mass. This occurred in all our cases, as there was no radio- 
logic—or clinical/laboratory—suspicion of primary HCC in any 
of the cases because the bulk of the disease was extrahe- 
patic. The hepatic lesions seen in five of the seven patients 
were believed to be metastases. In two of the three patients 
with a history of liver disease, no intrahepatic lesions were 
found and the HCCs occurred outside the hepatic paren- 
chyma on both CT and pathologic examination. 

Perhaps if the CT examinations in these cases had em- 
ployed protocols recommended for HCC cases—dynamic CT 
with intraarterial injection or CT after intraarterial lipiodol 
injection—the diagnoses might have been made in several of 
the cases, particularly those presenting as pancreatic head 
masses. The value of these protocols, which require invasive 
procedures, is (1) detection of HCC in high-risk patients, or 
(2) demonstration of the extent of HCC in patients with 
Clinically or pathologically documented disease. HCC was not 
a strong diagnostic consideration in the cases presented, and 
the CT examinations were performed as screening studies. 
The diagnosis in each case was made by tissue examination. 

Dynamic CT scanning with bolus IV contrast administration 
may have helped distinguish a pancreatic head mass from 
involvement of the portal vein by HCC in one case. For this 
reason, dynamic IV contrast-enhanced CT scans of the liver 
should be employed in patients in whom primary or metastatic 
cancer of the liver is suspected. Equally important is the 
utilization of percutaneous biopsy of intraabdominal and intra- 
hepatic masses as a means of reducing exploratory surgery, 
especially in patients who can be confirmed by percutaneous 
liver biopsy to have unresectable disease. Percutaneous bi- 
opsy of liver masses using sonogaphy or CT guidance can 
be performed easily, has a high yield, and has low morbidity. 

Extrahepatic spread of HCC occurs commonly [15, 28], 
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Fig. 6.—64-year-old woman with in- 
creasing abdominal girth, mesocaval 
shunt, and normal serum alpha-fetopro- 
tein. A, CT scan without IV contrast me- 
dium (medically contraindicated) shows 
pancreatic head mass (arrows) and as- 
cites. B, Autopsy specimen shows dilated 
portal vein (PV) containing HCC tumor 
thrombus (T) that was entirely intralumi- 
nal. Note tumor size in relation to kidneys 
(K) and liver (L). Gross and microscopic 
examination showec multiple regenerat- 
ing nodules but no intrahepatic HCC. 


and portal and hepatic vein or bile duct extension [29-31] or 
distant metastases to brain, bone, or lung are found in a large 
percentage of cases at autopsy [18]. A pedunculated form of 
HCC with a hepatic stalk occurs rarely and may be diagnosed 
in patients at risk by demonstration of hepatic arterial vascular 
supply with dynamic CT or angiography [32]. This report 
Suggests another pattern of HCC, that of bulky extrahepatic 
disease with or without liver lesions. 
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Reviews 





Thyroid and Parathyroid Imaging. By Martin P. Sandler, James A. Patton, and C. Leon Partain (authors) plus 14 
contributions. Norwalk, CT: Appleton—Century—Croft, 379 pp., 1986. $75 


. Diagnostic radiologists wil welcome the edition of this monograph 
to the expanding IIbrary of medical imaging texts. While most of the 
recently pubfished textbooks on general nuclear Imaging have in- 
cduded updated sections on thyroid, and occasionally parathyrotd, 
imaging, Thyroid and Parathyroid Imaging is the only recently pub- 
lished monograph completely devoted to the subject. 

The 17 chapters in this text include contributions by the authors 
pius 14 other experts in the field. The preparation and quality control 
of radlopharmaceuticals, basic physics, and instrumentation are cov- 
ered in the early chapters, followed by chapters on thyroid function 
and physiology, anatomy and embryology, and basic Imaging tech- 
niques. Three useful chapters deal with the treatment of thyroid 
disorders, radiation dosimetry, and radiation safety procedures for 
high-dose iodine-131 therapy. 

Four chapters review nonnuclear thyrokHmaging techniques; 
these include X-ray fluorescent scanning, sonography, X-ray CT, and 
MRI. The final chapter is a thorough presentation of parathyroid 
imaging and cites references as late as 1985. This chapter Is typical 


of the others in that a balanced discussion of the advantages and 
disadvantages of various approaches to the diagrosis of parathyroid 
disorders are presented along with a review of >ertinent anatomic 
and physiologic considerations. 

If there is any criticism of the monograph, it might be that some 
endocrinologists may find the discussions of the pathophysiotogy and 
clinical management of patients with thyroid disorders too brief, and 
that terms such as “LATS” and “LATS Protector” are not currently 
used. On the other hand, radiologists should be pleased with the 
discussions, the number of exceptionally good Images, and the 
excefient presentation of the technical features necessary to produce 
high quality images. 

This monograph should rate high on every radicjogist’s list for new 
book purchases for 1986. 


Wiliam L. Ashbum 
UCSD Medical Center 
Sar Diego, CA 92103 


Radioisotope Studies in Cardiology. Edited by H. J. Biersack and P. H. Cox. Dordecht, Boston, Lancaster: 


Martinus Nijhoff Publishers, 404 pp., 1985. $59.90 


This Is volume 8 of a series entitled “Developments In Nuclear 
Medicine” (series editor, Peter H. Cox). it Is presented in “camera 
ready” form. H. J. Blersack of Boon and P H. Cox of Rotterdam have 
put together manuscripts from four different countries (9 papers from 
Germany, 3 from Austria, 2 from the Netherlands and 1 from the 
United States). The work is divided into five sections, with a sixth 
serving as a summary. Section | (four chapters) is entitled “Basic 
Sciences.” These cover myocardial ischemia, data processing, radi- 
opharmaceuticals, and cardiac fatty acid metabolism. Section il (four 
chapters) is devoted to gated blood-pool imaging and deals with 
assessment of global and regional ventricular motion, evaluation of 
regurgitation, and utilization of the short-lived gold 195m. Section Ill 
(three chapters) is devoted to myocardial perfusion. These cover 
thalium-201, intracoronary Kr-——81m, and Tc—99m DMPE. Section 
IV contains a chapter on imaging with l-123 fatty acids, and one on 
infarct Imaging with Tc-99m-{Sn}-pyrophosphate. Section V is con- 
cerned with tomographic techniques, presenting one chapter on 
SPECT and one on PET. 

As with many muttiauthored texts, there are high points as well as 


several problems. The “Camera ready” format maz have accelerated 
production and reduced costs, but it took a toll Ir several presenta- 
tions. The subject index is only one and a half pages long and does 
not contain the key words aneurysm, Ischemia, cr perfusion. There 
are two chapters on fatty acids and the heart (pp. 83, 295), but none 
on medication intervention (although references are found in several 
locations), and there is none on labeled fipoprotens. A strong pomt 
of the book is the presentation of detailed lists of -eferences in most 
chapters. The discussion of phase and ampfitude analysis (pp. 161- 
163) is particularly well presented. 

However, the muitiscale grey images in mos: chapters do not 
reproduce well on the paper chosen for printing. For the price, the 
book Is a good introduction to many of the curreat areas of Interest 
in "Nuclear Cardiology.” We wil use It as a wetccme addition to the 
teaching matertal in this Important area. 


Richard P. Spencer 
University of Connecticut Health Center 
Farmington, CT 06032 
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Sonography of Diffuse 
Benign Liver Disease: 
Accuracy of Pattern Recognition and 
Grading 





Sonograms of 110 patients were compared to recently performed liver biopsies for 
evaluation of the accuracy of sonography in predicting the type (pattern) of pathology 
and its grade of severity (mild, moderate, or severe) in a wide variety of diffuse liver 
processes. There are two distinct, abnormal sonographic patterns: (1) the fatty-fibrotic 
pattern seen primarily with cirrhosis, chronic hepatitis, and/or fatty infiltration, and (2) 
the centrilobular pattern seen primarily with acute hepatitis. Sonography wes 88% 
accurate in assigning the correct pattern to the corresponding pathology (sensitivity 
89%, specificity 86%, p < 0.001). The degree of accuracy was dependent on the grade 
of pathologic severity, with mild disease offering the greatest difficulty; moderate and 
severe diseases were accurately detected and placed in the correct pattern in ali cases. 
Sonographic grading of the severity of disease was far less precise (63% overail). This 
study showed that sonography can distinguish between two abnormal sonographic 
patterns of diffuse benign liver disease as well as between normal and abnormal 
patterns. 


Two distinct patterns of liver abnormalities have been described in diffuse liver 
disease. The most common pattern, the “bright liver,” has been seen in fatty 
infiltration, chronic hepatitis, acute alcoholic hepatitis, chronic passive congestion, 
and fibrotic processes, particularly cirrhosis [1-5]. In this pattern, the liver exhibits 
increased parenchymal echogenicity composed of either fine, closely packed 
echoes, or more coarse, inhomogeneously increased echoes [1, 2, 6]. Decreased 
definition of the portal venule walls and increased attenuation of the sounc beam 
through the liver has also been identified [1, 5-8]. 

A second pattern has been identified in patients with acute hepatitis [5] and, 
infrequently, in toxic shock syndrome [9] and leukemia [5]. In these processes, the 
walls of the portal venules can be more clearly identified throughout the liver. The 
parenchymal echogenicity may also be diminished, further accentuating these portal 
venule walls [5]. 

Previous studies of the sonography of these diseases have not included the 
pattern of acute hepatitis, nor did they carefully compare the degree of pathologic 
and sonographic changes [1, 3, 4, 6, 7, 10-13]. We therefore undertook a 
retrospective study to compare biopsied pathologic specimens to their sonograms. 
A wide variety of diffuse benign liver diseases were evaluated, and the sonocraphic 
pattern and severity were analyzed. 


Materials and Methods 


At Thomas Jefferson University Hospital, the surgical pathology files from 1979 to 1982 
were reviewed. Patients who had had a sonogram within 7 days of liver biopsy for acute 
pathologic processes and within 30 days of biopsy for chronic processes were incladed in 
this study. Sonograms were eliminated only if they were technically inadequate to establish 
a liver-texture pattern. 

One hundred and ten patients met these criteria. The types of biopsy-proven cases of 
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TABLE 1: Initial Pathologic Diagnoses as Determined by Initial 
Pathology Files 


NEL 








Diagnosis Kared 

Cholangitis 7 
Cirrhosis 24 
Fatty metamorphosis 21 
Fibrosis 2 
Hepatitis 

Acute hepatitis 6 

Chronic hepatitis 13 

Acute alcoholic hepatitis 9 
Inflammation 

Acute inflammation 3 

Chronic inflammation 9 
Necrosis 3 
Normal 19 
Storage disease 7 YY ae 
Total 110 


normal and diffuse benign liver diseases are listed in Table 1. The 
liver-biopsy specimens were then reinterpreted by a pathologist, who 
had no knowledge of the clinical information, the previous biopsy 
report, or the sonographic findings. The biopsies were graded ac- 
cording to their histologic location (portal, periportal, or centrilobular) 
and their severity (normal, mild, moderate, or severe). The pathologist 
noted the presence and amount of fibrosis, edema, inflammation, 
necrosis, and fatty infiltration. If several pathologic processes coex- 
isted in the same specimen, each was noted and graded separately. 

The sonograms were performed on a wide variety of commercially 
available machines with all scans obtained on gray-scale B-mode 
equipment with transducer frequencies usually at 3.5 MHz but oc- 
Casionally at either 2.25 MHz or 5.0 MHz. Known normal scans from 
each machine were available as standards to compare their texture 
with the unknowns. 

Ninety-eight patients had static scans (the majority with additional 
real-time images), while 12 had only real-time examinations. The 
Static scans used single-pass technique. Both static and real-time 
images were performed in multiple planes. The gain and time-gain 
compensation were considered optimal if the parenchymal echoes 
were as bright as possible while the known cystic and vascular 
Structures were kept as anechoic as resolution permitted. 

The “bright liver” pattern was termed the fatty-fibrotic pattern, 
since it was commonly due to either fatty infiltration, which involves 
the hepatic lobules, or to fibrosis and inflammation within the portal 
and periportal areas. The pathologic changes in acute hepatitis and 
other etiologies causing the second sonographic pattern consisted 
of necrosis, edema, infiltrate, or inflammation in the hepatic lobules 
or centrilobular portion of the liver. This pattern was called the 
centrilobular pattern. 

The sonograms were read by two radiologists, in random order, 
neither of whom knew of the previous biopsy report, the clinical data, 
or the pathologist's reading. Each scan was classified according to 
an overall impression as belonging to one of three categories: normal, 
fatty-fibrotic (FF) pattern, or centrilobular (CL) pattern. If the patterns 
were abnormal, they were graded as mild, moderate, or severe (See 
Figs. 1, 2, and 3). 

Grading the degree of severity of the sonographic FF pattern was 
based on an overall impression of the liver. Mild changes consisted 
of either slight decreased definition of portal venule walls in the focal 
zone of the liver and/or subtly increased echogenicity of the liver 
when compared with adjacent structures, such as the renal cortex. 
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Fig. 1.—Normal liver. Longitudinal scan through right lobe of liver and right 
kidney (K). Liver echogenicity is uniform and slightly greater than the kidney. 
Normally bright portal venule walls are primarily seem within focal zone of 
transducer (arrowheads). Diaphragm (D) is brighter than parenchyma and no 
attenuation of sound beam is evident. 


In severe cases, only the main portal vein walls could be visualized 
with absence of all smaller portal venule walls amd/or gross discrep- 
ancy of the increased hepatic to renal cortical echogenicity. Moderate 
cases were intermediate between these. Some moderate and severe 
cases also exhibited increased attenuation of the sound beam 
through the liver. Often, several findings would occur together, and 
the grade would be assigned on the basis of the most abnormal 
finding. 

The method of grading the degree of severity of the CL pattern 
was based on the definition of the portal venule walls and the 
brightness of the liver when compared with adjacent structures. Mild 
changes revealed an increased number of porta’ venule walls. Mod- 
erate changes consisted of these changes as well as increased 
brightness of these walls with respect to the liver barenchyma. Severe 
cases exhibited decreased echogenicity of the liver with respect to 
other organs in addition to the other changes. 

The pathologic and sonographic findings were then compared as 
follows. (1) When the pathologic findings were abnormal, the type 
and location of the pathology determined the correct pattern. If the 
pathologic and sonographic patterns matched, ‘his was considered 
the correct pattern assignment. When processes that produced the 
FF pattern coexisted with those that produced the CL pattern, 
sonography could only detect the FF pattern [5]. Therefore, the 
“mixed” diseases were included under pathologic FF cases in assign- 
ing the correct sonographic pattern. (2) The pathologic degree of 
severity was assigned on the basis of the most severe histologic 
tissue type. If the pathologic and sonographic severities matched, 
this was considered the correct assignment of severity. 

A chi-square test was performed on the data for evaluation of the 
agreement between the sonographic and pathologic patterns. 


Results 


Pathologic examinations revealed 22 normal biopsies. 
There were 88 abnormal biopsies, 13 CL and 75 FF. These 
were 28 mild, 19 moderate, and 41 sever= cases (Table 2). 
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Fig. 2.—Fatty-fibrotic (FF) patterns. Longitudinal scans through right lobe of 
liver in different patients. A, Mild grade. Liver echogenicity is mildly increased. 
Portal venule walls are less prominent than normal (arrowheads). Diaphragm 
(D) is still brighter than parenchyma. B, Moderate grade. Liver echogenicity is 
increased compared with right kidney (K). Larger portal venule walls have 


Fig. 3.—Centrilobular (CL) pattern in 
different patients. A, Mild grade, trans- 
verse scan. An increased number of por- 
tal venule walls is identified in near focal, 
and far fiel@s of liver (arrowheads) (R) = 
patient's right. B, Severe grade. Trans- 
verse scan through the liver. There is an 
increased number of portal venule walls 
(arrowheacs) as well as increased right- 
ness of their walls compared wit) liver 
echogenicity. (R) = patient's right, A = 
aorta, S = spine. 


TABLE 2 Comparison of Sonographic Patterns and Grading of 
Severity to Pathologic Findings 


rr 











Sonographic Pattern 
Patholagic Pattern Normal Fatty-Fibrotic = Centrilobular 7 
= g E Mild Moderate Severe Mild Moderate Severe 
Normal (n = 22) 19 1 1 1 — — — 
Fatty-fibretic (n = 75) 
Mild (n = 21) 5 6 7 2 1 — = 
Moderate (n = 16) — 2 12 Jo sect = Sa 
Severe ín = 38) — 3 10 Jp. a = Aa 
Centrilobular (n = 13) 
Mild (n = 7) 3 7 — — 2 1 — 
Moderate (n = 3) — — — —_ s 3 = 
Severe in = 3) = —_ — —— 1 2 


qe 
Note.—Sensitivity = 89% (fatty fibrotc = 92%, centrilobular = 69%); specificity = 86%; 
overall accuracy = 88%. Numbers represent number of patients; dash indicates no patients. 


decreased echogenicity (arrowheads) while smaller portal venule walls are not 
visualized (arrows). Attenuation is increased. Diaphragm is identified but its 
echogenicity is less than normal. C, Severe grade. Liver echogenicity is in- 
creased compared with kidney (K). Portal venule walls are obscured. Attenua- 
tion is normal. 





Of the 75 FF cases, 51 had portal or periportal processes, 20 
had only fatty infiltration, and four had “mixed” diseases. 


Prediction of Correct Pathologic Pattern (Normal, FF, and 
CL) 


The overall accuracy of sonography in predicting the correct 
pattern was 88%, with a sensitivity of 89% and a specificity 
of 86%. The differences between any two of the three groups 
(normal, CL, FF) were statistically significant (p < 0.001). 

Three pathologically normal livers were misinterpreted as 
the FF pattern (one each of mild, moderate, and severe). Two 
abnormal cases (2%) were assigned the wrong pattern; both 
pathologically mild cases were misinterpreted on sonography 
as mild disease in the wrong pattern. There were, in addition, 
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eight false-negative cases—all pathologically mild cases were 
misinterpreted as sonographically normal. 


Prediction of Correct Pathologic Severity (Normal, Mild, 
Moderate, Severe) 


Sixty-nine of the 110 patients (63%) were graded correctly. 
The percentage of correct grades were: normal 86%, mild 
29%, moderate 79%, and severe 66%. 


Correlation of Correct Pattern to Degree of Severity 


The ability to predict the correct sonographic pattern varied 
with the pathologic severity. One hundred percent of moder- 
ate and severe cases were placed in the correct pattern by 
sonography. Sixty-four percent of the mildly affected livers 
were assigned the correct sonographic pattern. 


Discussion 


Previous studies on the use of sonography in an unselected 
group of diffuse liver diseases have had sensitivities ranging 
from 56% to 70% [7, 10, 13]. The studies considered only an 
abnormal liver to have increased echogenicity, and as a result 
they were insensitive to the possible detection of acute hep- 
atitis. Sensitivities for hepatitis ranged from 0%-31%. A sub- 
sequent report uncovered a separate sonographic pattern for 
acute hepatitis (centrilobular, or CL, pattern). It indicated that 
chronic hepatitis was responsible for those previous cases of 
increased echogenicity [5]. The lack of appreciation of the CL 
pattern helps to explain these previously insensitive results. 
In this study, overall sensitivity was 89%. Sensitivity for 
detecting the centrilobular pattern was 69%, indicating that 
acute hepatitis and similar diseases can be distinguished. 
Because most cases of acute hepatitis are treated without 
biopsy, the number of cases with acute hepatitis was smaller 
than for the other groups. Additionally, the presence of many 
pathologically mild cases lessened the likelihood of detection. 
A representative spectrum of all severities in the CL pattern 
would be expected to yield higher results. 

The sensitivity for the detection of the fatty-fibrotic (FF) 
pattern was 92%. This high sensitivity may at least partially 
be explained by the disproportionately high number of mod- 
erate and severe cases. The sensitivity of the FF pattern had 
previously been reported to vary from 66% [14] to 95% 
[12]. We agree with other observers who have not been able 
to differentiate cases of fatty infiltration from cases of fibrosis 
[3, 7, 11, 12], and we made no attempt to differentiate the 
two sonographically in this study. 

The ability of sonography to detect each abnormality was 
related to the degree of severity of the pathologic abnormality. 
There were no undetected cases of moderate or severe 
disease. Sonography is therefore an extremely sensitive 
method for detecting moderate and severe disease. The 
detection of mild disease is less accurate. 

The specificity in our study was 14%, which is consistent 
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with other studies that had ranged from 0% to 24% [7, B, 
14]. All of our false positives exhibited the FF pattern, al- 
though in our experience we have identified some normal 
patients who have falsely exhibited the CL pattern. 

Sonography was less accurate in grading the degree of 
pathologic severity than it was in detecting the proper pattern 
of pathology. Mild cases were the most difficult to grade 
correctly. Moderate and severe cases did appear to overlap 
one another, and since these are also Clinically more impor- 
tant, we combined moderate and severe cas2s. The accuracy 
of grading this new combined group was significantly higher 
(accuracy = 92%). 

Our study used the liver biopsy as a “gold standard.” 
Although we were dealing with diffuse diseese of the liver, it 
is well known that most processes are nonuniform. The 
irregularity of fatty change in the liver has been well described 
[15-18]. In addition, even a severe process like cirrhosis may 
not always be demonstrated on a biopsy specimen, even 
when it is known to be present [19]. Therefore, some errors 
in grading are inherent in any study that uses liver biopsy, 
and these may account for some of the errars in our grading 
system. 

This study helps clarify the role of sonography in the clinical 
setting. (1) Sonography can distinguish between two sono- 
graphic patterns (FF, CL) and between normal and abnormal 
patterns p < 0.001. (2) A normal sonogram does not exclude 
a mildly abnormal liver. (3) Moderate or severe disease is 
extremely unlikely to be sonographically normal. If a diseased 
liver is Clinically suspected and the sonogram is normal, the 
likelihood is great that the liver is normal or that the severity 
is NO greater than mild. (4) The ability to separate liver disease 
into three distinct sonographic grades (mild, moderate, se- 
vere) is not accurate. The combination of moderate and 
severe disease produces a more accurate sonographic grade. 
(5) If sonography detects disease of mocerate or severe 
grade, the accurate assignment of pattern (FF or CC) is highly 
likely. A moderate-severe grade is also likely. 
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Prepancreatic Fat Deposition: A Possible Pitfall in 


Pancreatic Sonography 


J. Odo Op den Orth’ 


Fat between the stomach and the pancreas can indent the 
posterior wall of a water-filled stomach and simulate pan- 
creatic enlargement on sonography. The prepancreatic fat 
may be senolucent relative to the echogenic pancreas so that 
awareness of “he entity together with careful sonographic 
scanning may permit clariication. A case report is presented 
that illustrates characteristic aspects of this sonographic pit- 
fall. 


Case Report 


A 55-year-old man with a history of excessive alcohol consumption 
was admitted with clinical and biochemical evidence of acute pan- 
creatitis. Because of overlying gas, the pancreas could not be iden- 
tified on routine sonography (Technicare [Englewood, CO] Autosector 
with frequencies of 3.5 and 5 MHz). 

However, after ingestion of 500 mi of water [1, 2] and IV injection 
of 0.3 mg of glucagon [3], the pancreas could be identified. The 





dots are 1 cm apart. 





Fig. 1.—A, Transverse sonogram with the patient in right lateral decubitus position after water 
ingestion and IV injection of 0.3 mg of glucagon. Pancreatic body appears swollen and posterior wall of 
stomach appears displaced forward. B, C, Sonogram in same patient done 4 months later. With careful 
adjustment of the time-gain control, areas of decreased echogenicity can be differentiated from pancreatic 
echoes. D, CT scan performed 2 weeks after sonograms clearly demonstrates large amount of fat 
between the stomach and pancreas. D = duodenum, F = fat, S = stomach, V = splenic vein. Marker 
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pancreatic body appeared swollen, Causing indentation of the pos- 
terior wall of the stomach (Fig. 1A). Posterior to the indentation, an 
area of decreased echogenicity was observed. These findings were 
thought to be due to pancreatic enlargement caused by pancreatitis. 
The patient did well with conservative treatment. Repeat sonography 
4 weeks later demonstrated nearly the same findings. A third exam- 
ination was performed 3 months later when the patient was asymp- 
tomatic. 

Careful scanning with time-gain adjustment revealed a normal- 
sized pancreas (Figs. 1B and 1C). An area of decreased echogenicity 
compatible with fat was demonstrated between the stomach and the 
pancreas. A CT scan performed 2 weeks after the final sonogram 
also disclosed a normal pancreas and a large amount of prepancreatic 
fat. 


Discussion 


Although CT is undoubtedly the best technique available to 
identify prepancreatic fat deposits, this case indicates that it 
also can be detected by sonography. The sonographic ap- 
pearance of fat varies greatly from being highly echogenic to 
being sonolucent (4). Intraabdominal fat is usually considered 
markedly echogenic [4, 5]; however, in this case the prepan- 
creatic fat deposit was less echogenic than the pancreas, 
which suggested the correct diagnosis. 

In a series of 345 consecutive sonograms of 338 adult 
patients examined after water and glucagon administration, 
we have observed two additional, CT confirmed, cases of 
relatively sonolucent prepancreatic fat deposition. In those 
cases the maximum anterior-posterior diameter of the pre- 
pancreatic fat layer was at least the same as the anterior- 
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posterior diameter of the pancreas. Unlike the patient de- 
scribed here, these patients had no evidence of pancreatitis. 
The same series revealed eight cases with similar sonographic 
appearances, which were not confirmed by CT. 

The presence of prepancreatic fat is suggested if a less 
echogenic area is identified anterior to and delineated from 
the pancreas. This difference in echogenicity between the 
pancreas and fat may be apparent only after careful adjust- 
ment of the time-gain control. A less echogenic area anterior 
to the pancreas may also be caused by fluid in the lesser sac, 
a thickened gastric wall, or lymphadenopathy. Sonographic 
findings in these conditions are well known; and differentiation 
from fat deposits is usually possible, although CT may occa- 
sionally be necessary to make the distinction. 


REFERENCES 


1. Crade M, Taylor KJW, Rosenfield AT. Water distention in the gut 
in the evaluation of the pancreas by ultrasound. AJR 1978; 
131:348-349 

2. Warren PS, Garrett WJ, Kossoff G. The liquid-filled stomach— 
an ultrasonic window to the upper abdomen. J Clin Ultrasound 
1978;6:315-320 

3. Op den Orth JO. Tubeless hypotonic duodenography with water: 
a simple aid in sonography of the pancreatic head. Radiology 
1985; 154:826 

4. Sanders RC. Sonography of fat. In: Sanders RC and Hill M, eds. 
Ultrasound annual 1984. New York: Raven Press, 1984:71-94 

5. Behan M, Kazam E. The echographic characteristics of fatty 
tissues and tumors. Radiology 1978;129: 143-151 


Randall M. Patten’ 
Margot Van Allen? 
Laurence A. Mack’ 
Doren Wilson’ 
David Nyberg’ 
Jack Hirsch? 

Tom Viamont* 


Received November 18, 1985; accepted after 
revision January 29, 1986. 


"Department of Radiology, University of Wash- 
ington Medical School, 1959 N.E. Pacific St., Se- 
attle, WA_398195. Address reprint requests to L. A. 
Mack, SB-05. 


? Department of Medicine, University of Wash- 
ington Medical School, 1959 N.E. Pacific St., Se- 
attle, WA 98195. 


3 Department of Radiology, Swedish Hospital 
Medical Genter, 747 Summit Ave., Seattle, WA 
98104. 


*Department of Radiology, Group Health Co- 
operative, 200 15th Ave. E., Seat-le, WA 98122. 


AJR 146: 1019-1024, May 1986 
0361-803X/86/1465-1019 
© American Roentgen Ray Society 


1019 


Limb-Body Wall Complex: In 
Utero Sonographic Diagnosis of a 
Complicated Fetal Malformation 





Limb-Body Wall Complex is a complicated fetal malformation with the essential 
features of neural-tube defects, body-wall disruption, and limb abnormalities. This 
complex should be distinguished from other body-wall defects including omphalocele 
and gastroschisis since the prognosis for limb-body wall complex is uniformly poor. For 
13 cases of this unusual fetal anomaly, sonographic, radiologic, and pathologic findings 
were correlated. Thoracic or abdominal body-wall defects, neural-tube abnormalities, 
severe scoliosis, positional deformities, and abnormalities of fetal membranes were 
consistently demonstrated on in utero sonograms. Results show that the diagnosis of 
limb-body wall complex can be made by prenatal sonography. 


Limb-Body Wall Complex (LBWC) is a complicated fetal malformation including 
lateral body-wall defects, neural-tube defects, and ipsilateral lower or upper limb 
reduction anomaly [1]. Characteristic anomalies include exencephaly or encepha- 
locele associated with facial clefts, lateral body-wall defects with evisceration of 
organs, limb defects, and scoliosis (Fig. 1). It is important to distinguish LBWC 
from other abdominal-wall defects including gastroschisis and omphalocele since 
the prognosis of LBWC is uniformly poor. 

A previously published case report has described several sonographic findings 
in this complex malformation [2]. We wish to describe our experience with a series 
of 13 cases of LBWC and discuss the characteristic pathologic and sonographic 
findings. 


Materials and Methods 


Thirteen fetuses with LBWC had prenatal sonographic examinations between 1981 and 
1985. Sonographic examinations were performed on a variety of commercially available real- 
time units. The scans were retrospectively reviewed and compared to the pathologic findings. 
Pathologic specimens were reviewed from the Central Laboratory of Human Embryology, 
University of Washington. Specimen radiographs and photos of the gross pathology as seen 
at autopsy were also reviewed. 


Results 
Pathologic Results 


Autopsy revealed thoraco- and/or abdominoschisis in all 13 cases of LBWC 
(Table 1). The typical body-wall defects seen in these cases were distinct from the 
midline defect of omphalocele in that a portion of the lateral body wall itself, 
including skin, muscle and peritoneum, was absent. The amnion was continuous 
with the body-wall defect and internal organs were eviscerated into the extracoe- 
lomic cavity (Fig. 2) and not into the amniotic cavity as is the case with gastroschisis 
[3]. Anencephaly, exencephaly, or encephalocele was present in five cases (38%), 
all of whom also demonstrated midline facial cleft or dysplasia. Meningomyelocele 
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TABLE 1: Summary of 13 LWBC Cases 
Case Sonographic findings Management 

1 Oligohydramnios; scoliosis; Prostaglandin TOP; 
abdominoschisis; no kid- vaginal delivery of 
neys seen. 640-g, 21-wk abor- 

tus. 

2 Oligohydramnios; no cal- Induction of labor; 
varium seen; abdomen not vaginal delivery of 
well seen; scoliosis; fetal 260-g, 24-wk still- 
bradycardia. born. 

3 Abdominoschisis; scoliosis; Prostaglandin TOP; 
spinal dysraphism; dis- vaginal delivery of 
torted bony pelvis; menin- 230-g, 18-wk abor- 
gomyelocele; discrepant tus. 
femur lengths; amniotic 
membrane continuous with 
body wall; postional limb 
anomaly. 

4 Scoliosis; anencephaly; Prostaglandin TOP; 
membrane fusion of head, vaginal delivery of 
cord, and placenta; ab- 16-wk abortus. 
dominoschisis; hypoplastic 
thorax; short umb. cord. 

9 Scoliosis; abdominoschisis; Prostaglandin TOP; 
bladder extrophy; de- vaginal delivery of 
formed pelvis; meningo- 120-g abortus with 
myelocele; adherent mem- membranes intact. 
branes; bilateral club feet. 

6 Hydramnios; anencephaly; Spontaneous vagi- 
thoracoabdominoschisis; nal delivery of 135- 
amniotic bands. g, 20-wk abortus. 

rg Scoliosis; spinal dysraph- Prostaglandin TOP; 
ism; malformed cranium vaginal delivery of 
with externalized me- 105 g, 15-wk abor- 
ninges and brain; thora- tus. 
coabdominoschisis; am- 
niotic bands adherent to 
fetus. 

8 Anencephaly; abdomino- Spontaneous vagi- 
schisis; adherent mem- nal delivery of still- 
branes; scoliosis; hydram- born 670-g infant. 
nios. 

9 Abdominoschisis; scoliosis; Prostaglandin TOP; 
hydrocephalus; meningo- vaginal delivery of 
myelocele; two extremities. 247-g abortus. 

10 Thoracoabdominoschisis; Saline- and prosta- 


normal cranium; normal 
spine. 


glandin-induced 
TOP; vaginal deliv- 
ery of 321-g, 16- 
wk abortus. 
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Autopsy findings 


Scoliosis, abdominoschisis 
(with amnion in continuity); 
renal agenesis; necrotic L 
leg with club foot 


Encephalocele; facial cleft; 
thoracoabdominoschisis; 
absent R arm and scap- 
ula; scoliosis; short (6 cm) 
3-vessel umb. cord. 


Abdominoschisis; sco- 
liosis; absent sacrum and 
L hemipelvis; spina bifida 
of lumbar spine; meningo- 
myelocele; amnion contin- 
uous with body wall; short 
(4 cm) 2-vessel umb. cord; 
hypoplastic L leg with ro- 
tational defect. 


Scoliosis; anencephaly 
with margins of head 
fused to chorion; midline 
facial cleft; absent L arm; 
abdominoschisis; R cłub 
foot; short (5-cm) umb. 
cord. 


Scoliosis; thoracoabdomi- 
noschisis; bladder extro- 
phy; absent L hemipeivis; 
meningomyelocele; bilat- 
eral club feet; extracoe- 
lomic cavity; short (5-cm) 
3-vessel umb. cord. 


Anencephaly; encephalo- 
cele adherent to amnion; 
thoracoabdominoschisis; 
midline facial cleft; bilateral 
club feet; scoliosis; absent 
L arm, scapula. 


Scoliosis; spinal dysraph- 
ism; encephalocele with 
cranium adherent to am- 
nion of placenta; thoraco- 
abdominoschisis; midfacial 
dysplasia; skin of trunk 
continuous with amnien; L 
phocomelia; short (4-cm) 
2-vessel umb. cord. 


Anencephaly; abdomino- 
schisis; facial cleft; sco- 

liosis; normal extremities; 
short (11-cm) umb. cord. 


Thoracoabdominoschisis; 
scoliosis; normal cranium; 
absent R leg and hemipel- 
vis; L arm avulsed; am- 
niotic bands. 


Thoracoabdominoschisis; 
normal cranium; normal 
spine; hypoplastic hu- 
merus; hypoplastic radius. 





Note.—Umb. = umbilical; TOP = termination of pregnancy, L = left, R = right. 
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TABLE 1—Continued 


Case Sonographic findings 











11 Marked scoliosis; thora- 
coabdominoschisis; hy- 
dramnios; limb anomaly? ; 
tetus adherent to mem- 
branes and lateral uterine 
wall. 


12 Oligohydramnios; scoliosis; 
~horacoabdominoschisis; 
absent lower extremity. 


13 4dydramnios; thoracoab- 
dominoschisis; scoliosis. 


LIMB-BODY WALL COMPLEX 


Management 


Induced vaginal de- 
livery of 29-wk still- 
born infant. 


Prostaglandin TOP; 
vaginal delivery of 
230-g, 20-wk abor- 
tus. 


Prostaglandin-in- 
duced TOP fol- 
lowed by Caeser- 
ean-section deliv- 
ery of 1186-g, 28- 
wk abortus. 
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Autopsy findings 


Thoracoabdominoschisis; 
severe thoracic scoliosis; 
L toe syndactyly; adherent 
membranes. 


Thoracoabdaminoschisis; 
scoliosis; absent R hemi- 
pelvis and leg; club L foot; 
short (5-cm) 2-vessel umb. 
cord. 


Thoracoabdominoschisis; 
scoliosis; spina bifida; bi- 
lateral achiropodia with bi- 
lateral club feet; short 
(13.5 cm) 2-vessel umb. 
cord; amnion in continuity 


with umb. cord. 


_——— eee 


Fig. 1.—Photograph of stillborn fetus demonstrates typical morphologic 
features of LBWC including lateral body-wall defect with continuity of amniotic 
membrane (arrows), ipsilateral limb reduction, severe scoliosis, and abnormal 
lower extremity position. 





or spinal dysraphism was present in four cases (31%) and 
severe scoliosis was seen in 12 (92%). A spectrum of limb 
anomalies, ranging from absence of the hemipelvis, shoulder 
girdle, and entire limbs to presence of syndactyly of the digits 
or bilateral club feet, was also seen in 12 (92%). Associated 
internal defects were identified in all of the cases. 


Sonographic Results 


Body-wall defects were seen in 12 (92%) of the 13 cases. 
In the remaining case, oligohydramnios prevented adequate 
visualization of fetal margins. Typically, a complex mass was 
seen anterior or lateral to the narrowed fetal trunk; the liver 
and bowel were the organs most often recognized external 
to the fetus (Figs. 2 and 3). In several cases, the continuity of 
the amnion with the body-wall defect was apparent (Figs. 2 
and 3). Abnormal tethering of the fetus to the chorionic plate 
or fixation of the fetus by membranes was a feature noted 
sonographically in seven cases (54%). Decreased movement 
of the fetus was detected at real time, possibly reflecting 
tethering from the abnormally shortened umbilical cord (<20 
cm in length) seen pathologically in eight of our patients (69%). 

All major cranial defects were detected by sonography. In 
two cases, the amnion was observed contiguous with the 
skin at the base of the cranial defect (Fig. 4). Associated 
midline facial clefts were not sonographically identified. Spinal 
dysraphism and meningomyelocele were present in four 
cases and sonographically detected in three cases. Hydro- 
cephalus from associated Arnold-Chiari malformation was 
seen in one case. 

Severe scoliosis waS a common feature identified in 11 
(92%) of 12 cases of scoliosis found at autopsy. The degree 
of scoliosis was profound in most cases, with an L- or U- 
shaped spinal curvature strikingly Gemonstrated on sagittal 
scans of the fetus (Fig. 5). 
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Fig. 3.—Transverse sonogram re- 
veals incorporation of umbilical cord 
(arrows) in amniotic membrane (ar- 
rowheads). Echogenic bowel (Bo) has 
herniated into extraembryonic coelom 
(EC). AC = amniotic cavity; FA = fetal 
abdomen. 





In only four of 12 cases were absent or hypoplastic limbs 
prospectively identified by sonography. However, postural 
deformities of the extremities were often striking (Fig. 6). 

The range of visceral defects was not well demonstrated 
by sonography. Complete renal agenesis was diagnosed in 
one case with marked oligohydramnios, but unilateral renal 
agenesis, seen in 38% of cases at autopsy, was not demon- 
Strated. Similarly, intestinal atresia; absence of gallbladder, 
adrenals, and diaphragm; and hypoplastic lungs could not be 
sonographically detected. Extrophy of the bladder was iden- 
tified in one of two cases (Table 2). 


Discussion 


The earliest cases of structural defects involving body-wall 
and limb-reduction anomalies were described by Portal in 
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Fig. 2.—Transverse sonogram at level of thoracoab- 
dominal junction (A) and photograph of pathologic spec- 
imen (B) demonstrate continuity ef amniotic membrane 
to body wall (arrows point to amniotic membrane). Fetal 
liver (L) and bowel (Bo) have herniated into extraem- 
bryonic coelom (EC). Umbilical cord (arrowheads) is 
incorporated in abnormal amniotic membrane. AC = 
amniotic cavity, P = placenta, HRT = heart. 


1685 [4]. The terms “cyllosomas” and “pleurosomas” were 
used in the teratology literature of the late 1800s to describe 
body-wall defects associated with limb-reduction abnormality 
of either the upper or lower limb [5]. LBWC is the descriptive 
phrase currently used to categorize a similar complicated 
anomaly. The diagnosis of LBWC is based upon the presence 
of two out of three of the following features: exencephaly or 
encephalocele, thoraco- and/or abdominoschisis, and limb 
anomalies [1]. Van Allen et al. found that 95% of cases in 
their series had associated internal defects including cardiac 
anomalies; hypoplasia of the lungs; absence or hypoplasia of 
the diaphragm; gut malrotation or atresia; absence of the 
gallbladder; renal agenesis or dysplasia; and genital abnor- 
mality [1]. The cause of LBWC is still not clear. Some re- 
searchers have hypothesized the presence of an unrecog- 
nized teratogen or proposed a defect in the germ disk Causing 
faulty morphogenesis [6, 7]. However, most authorities be- 
lieve that LBWC results from rupture of the amnion between 
the third and fifth weeks of embryogenesis [8]. The defects 
are produced either by vascular disruption [9] or mechanical 
compression [10]. The amputative effects of amniotic “bands” 
have been debated. Experimental animal models have dem- 
onstrated morphologic defects similar to those seen in LBWC 
after marked reduction in the volume of amniotic fluid second- 
ary to amniocentesis early in embryogenesis [10, 11]. 

While LBWC is a rare malformation, clustering of cases has 
been reported [1, 6, 12]. The incidence in King County, WA, 
was 1 of 4120 from 1982 to 1985 [1]. Previous reports reveal 
no gender predilection and no constant teratogen exposure 
to explain these defects. No familial cases nor increased risk 
of recurrence in subsequent pregnancies has been reported. 
Karyotypes have been reported to be normal. 

The defects seen in LBWC are incompatible with extrau- 
terine life. Two comprehensive reviews by Miller et al. [13] 
and Pagon et al. [12] revealed no survivors in their collective 
series of 27 cases. In these series there were three abortions 
(two therapeutic and one spontaneous), 13 stillborn infants, 
and nine live-born infants. Live-born infants all died within the 
first 24 hr of life with respiratory insufficiency as the major 
cause of mortality. 


AJR:146, May 1986 LIMB—BODY WALL COMPLEX 1023 





B 


Fig. 4.—Transverse sonogram at level of fetal cranium (A), specimen radiograph (B) and photograph of pathologic specimen (C) demonstrate adherence of 
amnion (arsows) in A and C to fetal cranium (FC) and umbilical cord (UC). P = placenta. 


A 


Fig. 5.—Coronal sonogram of fetal spine (A) 
and corresponding specimen raciograph (B) 
demonstrate characteristic marked scoliosis. 





Fig. 6.—A, Transverse sonogran at level of fetal cal- 
varium (A) and specimen radiograph (B) demonstrate 
abnormal fetal limb positioning with fetal foot (arrowhead) 
directly posterior to occiput (arrows). 
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TABLE 2: Correlation of Sonographic and Autopsy Findings 
SSS SS GE! 


Percentage Found 





Abnormality Sonography Autopsy at Sonography 
Body-wall defect 12 13 92 
Scoliosis 11 12 92 
Cranial defect 6 6 100 
Spinal dysraphism or mye- 

lomeningocele 3 4 T5 
Limb agenesis/dysplasia 4 T2 33 
Continuity of amnion 4 7 57 
Facial cleft 0 6 0 
Short umbilical cord 1 9 11 
Extrophy of bladder 1 2 50 
Renal agenesis 1 5 20 
Cardiac anomalies 0 2 0 
Oligohydramnios 3 — — 
Hydramnios 3 — — 


Note: Numbers in Sonography and Autopsy columns indicate number of abnormalities 
identified. Dash indicates that the abnormality cannot be found at autopsy. 


The main features of this complex malformation can be 
recognized in utero by sonography. The body-wall defect is 
readily identifiable, especially if the amount of amniotic fluid is 
normal or increased. A complex mass is identified lateral and 
anterior to the fetal chest or abdomen and can be distin- 
guished from omphalocele or gastroschisis by demonstration 
of the laterality of the wall defect and the characteristic 
attachment or continuity of the amnion to the margins of the 
body wall. Neural-tube defects can be detected by careful 
attention to the spine and neural axis. Scoliosis is present in 
the majority of cases and is more severe than the mild degree 
of spinal curvature sometimes seen with oligohydramnios or 
transient fetal flexion. Van Allen et al. [1] have reported that 
the scoliosis in these cases is secondary to decreased or 
absent paraspinous or thoracolumbar musculature on the 
side ipsilateral to the body-wall defect. The bony spinal ab- 
normality is one of the features most consistently demon- 
strated by sonography. The presence of fetal membranes or 
“bands” continuous with the body-wall or neural-tube defect 
is also a characteristic feature, while abnormal positional 
deformity can sometimes be recognized. 

The limb anomalies were not frequently demonstrated in 
our series. Many of the earliest prenatal sonographic exams 
were performed before we understood the full spectrum of 
abnormalities in LBWC. Therefore, the association of the more 
obvious neural-axis and body-wall malformations with limb 
anomalies was not originally appreciated and meticulous ex- 
amination of the fetal extremities was not performed. How- 
ever, because of the severe distortion of the fetus, the ad- 
herence of the fetus to placenta or membranes, and the 
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occasional association of oligohydramnios, it is often possible 
to identify only the grossest distortion of fetal anatomy. 

In summary, LBWC is a complicated malformation that 
should be distinguished from other abdominal-wall defects. 
The essential features of LBWC can be readily detected at 
real-time sonographic examination. Discovery of a fetal body- 
wall or neural-tube defect associated with marked scoliosis, 
abnormal membranous attachments or fetal positional aber- 
ration should suggest the diagnosis of LBWC and prompt the 
sonographer to direct the examination to other anatomic 
areas suspect for possible associated malformation. 
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Long-Term Results of 
Superficial Femoral Artery 
Angioplasty 





Short-term results of superficial femoral artery and popliteal percutaneous translu- 
minal angioplasty have been good, but long-term results and factors influencing long- 
term patency are less commonly reported. One hundred thirty-seven superficial femoral 
artery angioplasties with follow-up for 54 months were reviewed. The 4-year patency 
for stenoses was 61% and for occlusions was 68%. If the initial result was clinically 
successful, the 4-year patency was not influenced by the quality or patency of runoff or 
by the length of the occlusion. Nineteen patients returned for redilatation, eight of whom 
had developed new lesions. Patency was adversely affected in patients with diabetes 
or with long-segment stenoses. Modifications of equipment and technique that may 
improve long-term patency rates are discussed. 


Percutaneous transluminal angioplasty (PTA) of the superficial femoral and 
popliteal artery are frequently employed successfully in patients with calf claudica- 
tion. Short-term patency of femoropopliteal PTA at 1 to 2 years ranges from 43 to 
75% [1-7], which is not as good as saphenous vein, but much better than prosthetic 
graft bypasses [5, 8]. 

This report describes our experience with PTA in 137 femoral and popliteal 
arteries, with follow-up for 54 months. Our purpose is to report not only the long- 
term patency rate, but also the variables that influence patency—such as stenoses 
vs occlusion, length of lesions, runoff, patient selection, and technical evolution, 
along with the “learning curve” of performing angioplasty. 


Materials and Methods 


Between July 1978 and February 1984, 137 angioplasties were performed in 118 patients 
at The Johns Hopkins Hospital. One hundred sixteen superficial femoral arteries (SFA), 12 
popliteal arteries, and nine femoral bypass grafts were dilated. There were 78 stenoses and 
59 occlusions. During the follow-up, 11 patients had redilatations of the same site, while eight 
patients returned for PTA of new femoropopliteal lesions. Claudication was the chief complaint 
in 83 patients (70%). The remainder had rest pain or had signs of gangrene or ischemic 
ulcers. Forty-three patients had diabetes mellitus. 

Initial workup included Doppler determination of the ankle-arm index, which was also used 
for postangioplasty follow-up. Abdominal aortography and runoff arteriography was performed 
routinely in inpatients. During the last 18 months, a tailored intravenous or intraarterial digital 
subtraction angiogram has been used in selected patients with unilateral calf claudication 
[10]. Patients with hemodynamically significant iliac stenosis were treated by angioplasty 2 
to 3 weeks before femoropopliteal angioplasty [11]. 

Antegrade puncture of the common femoral artery was routinely performed, though 
occasionally a retrograde contralateral femoral artery puncture was used. A preformed 5- 
French 60-cm H1H, or straight catheter was advanced to the lesion, and an arteriogram 
(most recently using digital subtraction angiography) was performed to assess the diseased 
segment before angioplasty. The stenosis or occlusion was crossed by using a floppy wire 
with a straight, gentle J, or tight J configuration; it was then predilated with a tapered van 
Andel catheter. A long guidewire was used to exchange for the balloon dilatation catheter. 
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TABLE 1: Results of Angioplasty 
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Fermoropopiiteal Stenosis Famoropopiiteal Occiusions 

months No. at interval Patency Accumutated Patancy No. at interval Patency Accumutated Patenoy 
( ) ths No. Failed Rasa ($) Fiste 0%) oe No. Falled ard S 

0-6 50 7 84.3 84.3 41 3 92.2 92.2 

6-12 32 1 96.4 81.3 33 3 89.5 82.5 
12-18 23 0 100 81.3 21 1 94.1 77.6 
18-24 20 0 100 81.3 12 0 100.0 17.6 
24-30 14 2 84.6 68.8 9 1 88.2 68.5 
30-36 10 1 88.9 61.1 7 0 100.0 68.5 
36—42 T 0 100 61.1 T 0 100.0 68.5 
42-48 6 0 100 61.1 4 0 100.0 68.5 
48-54 2 0 100 61.1 2 0 100.0 68.5 





The arterial diameter was measured from the arterlogram and a 
balloon of the same size or 1 mm larger was selected. The length of 
the balloon depended on the length of the lesion; more recently 10- 
cm long balloons have been used for all long-segment stenoses and 
occlusions. 

Patients were given 3,000-5,000 units of heparin after the lesion 
was traversed with the tapered catheter. An 0.021 J wire with coaxial 
adapter was left in place in the popliteal artery while the balloon was 
inflated at different levels. The J wire permitted safe repositioning of 
the balloon once it was retracted beyond any areas that were 
unrelieved by the first inflation. The balloon was inflated once for 5 
to 10 sec, or several times, until the "walst" of the balloon disap- 
peared. The angioplasty was considered complete if there was a 
good result on the postangioplasty angiogram. If the patient expert- 
enced pain during dilatation of the artery, bafloon pressure was 
maintained at the level that first produced the pain until the stenosis 
was obilterated. Postangioplasty ankie-arm Indexes were obtained 
the next day. After angioplasty, patients were placed on heparin for 
up to 24 hr, then discharged on 50 to 75 mg dipyridamote 3 times a 
day and 300 mg aspirin daily for 6 months. Patients with long 
occlusions or poor runoff were placed on Coumadin (warfarin) anti- 
coagulation during the first year of our experience. 

Long-term follow-up was available in 125 (91%) patients for periods 
of up to 54 months after PTA. Follow-up Investigations included 
repeat ankle-arm indexes in all patients and follow-up digital subtrac- 
tion anglography or standard angiography in patients with recurrent 
symptoms. Patients and their physician were contacted directly for 
clinical follow-up. 

Results of angioplasty were classified into three catetorles: 

1. Technical and clinical success. This was defmed as an Im- 
proved angiographic appearance, diminution of symptoms, improved 
pulses, or an improvement of ankle-arm index greater than 0.15. 
Patients undergoing successful rediatation of a recurrent lesion were 
not considered failures in long-term patency and were included in this 
category. 

2. Technical success but immediate clinical faliure. The majority 
of these patients had SFA stenosis or occlusion, severe trifurcation 
disease, and gangrene of the foot due to end-stage vascular disease. 
They showed no improvement despite technically successful PTA of 
the SFA lesion and underwent amputation within days. Clinical faiture 
in this group was attributed to advanced arterial occlusive disease 
below the knes. Patients in this category were excluded from the 
calculations of long-term patency. 

3. Technical failure. Inabiity to cross the lesion or to improve the 
appearance of a lesion was considered a failure. 


Results 


Of the 66 patients with 78 SFA stenoses dilated, 4 (5%) 
were technical failures and 7 (9%) were technical successes 


but clinical failures. Ten patients were lost-to follow-up and 
seven stenoses recurred. There were 45 patients with 50 
SFA stenoses who were technical and cinical successes 
(Table 1). 

Of the 52 patients with 59 SFA occlusions-dilated, 10 (17%) 
were technical failures and two (3%) were technical successes 
but clinical failures. Two patients were lost to follow-up and 
four occlusions recurred. There were 38 pat&nts with 41 SFA 
occlusions who were technical and clinical successes (Table 
1). 

The long-term patency was evaluated ty the Life Table 
Method [12]. Of the 50 stenoses that had technically and 
Clinically successful angioplasty, eight failec in the first year, 
giving an 81% patency rate, which had mot changed at 2 
years. An additional three patients failed durng the third year, 
giving a 61% 3- and 4-year patency. The average ankle-arm 
index of patients with stenosis was 0.64 before PTA and 0.86 
after PTA. 

At 1 year, six of the 41 patients witt occlusions had 
recurrences, giving an 82% patency. An additional failure in 
the second year gave a 77% 2-year patency, while the 3- and 
4-year patencies were 68%. The average ankie-arm index 
before and after angioplasty of occlusions was 0.60 and 0.87, 
respectively. There was no significant diference between 
long-term patencies of occlusion compared with stenoses (p 
< 0.05). 


Restenosis 


Redilatation was performed in seven patients with recurrent 
stenoses and in four with occlusions. The seven recurrent 
stenoses occurred an average of 6 months after initial angio- 
plasty. All are currently patent for an average of 27 months 
after redilatation, except for one patient whc has been lost to 
follow-up. Two of the seven patients Initially had successful 
PTA of occlusions that recurred as stencses. Both these 
patients are still patent. 

Of the four patients with occlusions wh) were redilated, 
three have subsequently failed. Two reoccuded in the first 
24 hr; redilatations were performed 6 weeks later in both. 
One reocciuded at 7 months; the other continues to remain 
patent 29 months after redilatation. In the >ther two cases, 
reocclusion occurred 2 and 10 months, respectively, after 
initial angioplasty. Repeat angioplasty failed after 6 and 15 
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Fig. 1.—Results of femoral angioplasty in patients with good (2-3) vessel 
runeff (A) and poor (0-1) vessel runoff (B). In patients with good runoff, 83% 
remained patent at 2 years, falling to 58% at 4 years. Patency in patients with 
poor runoff was calculated two ways. if we exclude nine patients who were 
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technical successes but clinical failures because of preexisting pregangrenous 
changes, patency in patients with technically successful PTA and a good clinical 
result were similar, regardless of runoff (A). 
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Fig. 2.—Comparison of pate cy vs length of stenosis (A) and occlusion (B). Patients with stenoses greater than 7-cm long did poorly with a patency of 33% at 
6 months. Patients with occlusions greater than 7-cm long did surprisingly well with a long-term patency of 60% over 4 years. 


months, respectively. No subsequent angioplasties were per- 
formed in these patients. 


Diabetes, Runoff 


The patency of arteries having angioplasty in diabetic pa- 
tients was 71% at 1 year, 64% at 2 years, and 39% at 3 and 
4 years. Patency in nonciabetic patients was 86% at 1 and 2 
years and 79% at 3 and 4 years. Moreover, 78% of the 
diabetic patients with pcor runoff presented for limb salvage 
and 22% presented with claudication. Twenty-nine percent of 
the nondiabetics with poor runoff presented for limb salvage, 
while claudication was the indication for PTA in the other 
71%. 

After excluding the 11 patients with technical success and 
immediate clinical failure, the status of runoff vessels did not 
affect the long-term results (p > 0.5). Those patients with 
good runoff (2-3 vessels) had patencies of 83% at 1 and 2 
years, dropping to 58% at 3 and 4 years (Fig. 1A). Patients 


with poor runoff (0-1 vessels) had a patency of 83% at 1 
year and 76% at 2 through 4 years (Fig. 1B). If patients in the 
category of immediate clinical failure are included, patients 
with poor runoff had a lower early patency of 67% at 1 year, 
but comparable patency of 57% at 18 months through 4 
years. The 22 nondiabetic patients with poor runoff had a 4- 
year patency of 87%. The diabetic counterpart consisted of 
11 patients who had a 4-year patency of 51%. In our series, 
patients who had good early clinical results did well whether 
there was single- or multiple-vessel runoff. 


Length of Stenosis/Occlusion 


The effect of length of lesion was also evaluated. In ste- 
noses (Fig. 2A), there were 38 short lesions (1-3 cm) with a 
patency of 85% at 1 and 2 years and 61% at 3 and 4 years. 
There were seven lesions 4-6 cm in length with patencies of 
100% through 4 years. Five patients had multiple stenoses 
greater than 7 cm in length. In this group, the 1-year patency 
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of 33% was maintained for 4 years. 

Of the occlusions (Fig. 2B), 18 were 1-3 cm in length and 
the patency was 81% at 1 year and 67% at 2-4 years post- 
PTA. The 10 occlusions, 4-7 cm in length, had patencies of 
100% at 2 years and 82% at 4 years after PTA. The 13 
occlusions longer than 7 cm had patencies of 91% and 68%, 
6 months and 4 years after PTA. 

The technical failure rate was not affected by the length of 
stenosis or occlusion. There were four (5%) technical failures, 
all occurring in short stenoses between 1 and 3 cm in length. 
The reason for failure was either inability to cannulate a tight 
origin of the superficial femoral artery, or inability to predilate 
the stenosis sufficiently to pass the balloon catheter into 
position. There were four (17%) technical failures in short (1- 
3 cm) occlusions, three (20%) in 4-6 cm occlusions, and three 
(15%) in the long occlusions. The longest occlusions suc- 
cessfully dilated were both 20 cm; one remains patent at 28 
months and the other occluded after 3 months. The reason 
for technical failures in occlusions were extraluminal passage 
of the wire, inability to pass the balloon catheter over the wire 
through the occlusion, and inability to enter the occlusion 
because of a large collateral vessel. 

Despite our belief that dilating long occlusions/stenosis 
with 10-cm balloons would improve patency, no differences 
occurred after switching from 4- to 10-cm balloons. Similarly, 
complications were not reduced after the changeover to 10- 
cm balloons. 

Complications after PTA were uncommon. Three (2.2%) 
patients had peripheral emboli after PTA, two from stenotic 
lesions, and the other from a short occlusion. These patients 
were treated with heparin for 48-72 hr and did not require 
surgery. Three patients had thrombosis of the reconstructed 
vessel. One thrombosis occurred with PTA of a 2-cm occlu- 
sion with single-vessel runoff; a 6-cm occlusion occurred after 
extraluminal passage of the guidewire. Subsequently, the 
patient had elective femoral-distal bypass, did not show clin- 
ical improvement, and underwent a below-knee amputation. 
There was a short thrombosis of the posterior tibial-peroneal 
trunk after PTA of a 2-cm stenosis, and a popliteal thrombosis 
with PTA of a 4-cm occlusion. Both patients had good collat- 
eral filling and remained asymptomatic. There were two sig- 
nificant hematomas, neither requiring transfusions or surgery. 

The patency rates for the years 1979-1980, 1981-1982, 
and 1983-1984 were compared to see if there were differ- 
ences related to improvement in technique and experience. 
The success rate changed little with time. Comparing patency 
rates at 18 months after angioplasty, patencies were 79%, 
81%, and 83% for each consecutive 2-year period from 1979 
to 1984. There were four (9%) technical failures in the first 2 
years (1978-1980), five (11%) in the middle years (1981- 
1982), and five (10%) in the last 2 years. There were seven 
technical successes but clinical failures in 1979-1980 and 
two each in 1981-1982 and 1983-1984, reflecting better 
selection of patients in the later years. 


Discussion 


Our overall results of femoropopliteal PTA are similar to the 
results of other large centers [3-5, 7, 8]. However, traditional 
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concepts regarding technical success and long-term patency 
in regard to such variables as length of stenosis/occlusion 
and runoff have not been fully substantiated by our study. 

Multiple stenoses up to 7-cm in length had a favorable long- 
term patency, whereas diffusely stenosed Superficial femoral 
arteries longer than 7 cm had poor long-term patency. Despite 
vigorous dilatation, luminal irregularities frequently were still 
present on the post-PTA angiogram. Long stenoses appear 
more likely than short stenoses to regress to their preexisting 
State. Despite our efforts to dilate the entire length of the SFA 
with 10-cm balloons, we still have had a high recurrence rate 
in the group with diffuse stenoses that are greater than 7 cm. 
Theoretically, the long 10-cm balloons should be more effec- 
tive by reducing the many overlapping dilatations needed with 
shorter balloons, but the recurrence rate of long stenoses 
has been the same using the 4-cm or the 10-cm balloons. 

Redilatation of focal recurrent stenoses was more success- 
ful than redilation of long-segment stenoses. At the time of 
repeat PTA, all stenoses were more aggressively dilated, 
often with a larger diameter balloon, completely eliminating 
the “waist” of the balloon. All the recurrent focal stenoses 
that were dilated and had follow-up are Currently patent. Of 
four patients with recurrent occlusion after PTA and who 
underwent repeat PTA, two were successfully dilated with 
good long-term results. Repeat PTA did relieve symptoms 
and delayed surgery for an average of 4 months in these two 
patients. 

Successfully dilated short and long occlusions had paten- 
cies that were nearly identical to each other, a finding that is 
at odds with other studies that favored greater long-term 
patency in patients with short occlusions [13]. Our technical 
failure rate did not skew the long-term patency of occlusions, 
because it was essentially the same for each category of 
occlusion. Runoff was similar in short- or long-term occlusions 
and was not a factor in accounting for patency in either group. 
In many of the successfully dilated long occlusions, there may 
have been a focal area of stenosis that originally led to the 
occlusion with subsequent antegrade and retrograde propa- 
gation of thrombus over a long segment of essentially normal 
SFA. In this situation, the major portion of the occlusion would 
actually represent adherent thrombus rather than diffusely 
atherosclerotic superficial femoral artery. While this hypothe- 
sis is attractive to explain similar long-term patencies in pa- 
tients with short and long occlusions, we have no direct proof 
to substantiate this theory. In a group of patients we reported 
with successful thrombolysis and PTA of long-term iliac oc- 
clusions, it was clear after thrombolysis that there was a long 
segment of relatively uninvolved vessel with a focal stenosis: 
this lends some credence to our hypothesis about focal 
Stenosis with proximal and distal thrombosis in patients with 
long occlusions of the superficial femoral artery [14]. 

We have introduced a new classification of result that 
usually applies to patients with end-stage vascular disease, 
including pregangrene or ulceration of the foot, poor runoff in 
the calf, and a proximal lesion that is treatable. This result is 
referred to as technically successful PTA with clinical failure 
and usually applies to patients with end-stage vascular dis- 
ease. PTA is performed as a last effort in an attempt to 
improve inflow and is usually technically successful. Clinically, 
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however, the foot may be beyond salvage and may require 
amputation. These patients are often considered angioplasty 
failures when in fact the angioplasty site may be widely patent. 
We believe patients in this category should be considered 
separately and not counted as failures in long-term follow-up 
of PTA. In our series, there were 11 patients who had tech- 
nically suecessful dilatations but who failed clinically because 
of severe trifurcation disease and pregangrene of the foot. 
However, there were another 10 patients with similar findings 
who had successful PTA end initial clinical success. Four had 
complete resolution of thair symptoms with long-term pat- 
ency. Two had no worsening of symptoms and their legs 
remained viable. In two others amputation was delayed for 8 
and 15 months, respectivaly. Two were lost to follow-up, 2 
weeks and 3 months, respectively, after clinically successful 
PTA. The outcome of performing PTA in this group with 
severe symptoms is unpredictable, but in our experience 
about 50% of amputations were avoided by performing an- 
gioplasty. 

The inclusion in long-term follow-up patency of those cases 
that were technical successes but clinical failures probably 
explains the differences between our results and those re- 
ported by other authors [2, 4, 6]. After the cases that were 
technical successes but clinical failures were excluded, the 
long-term results were equally good, independent of runoff. If 
the initial clinical results were good, patients with single-vessel 
and three-vessel runoff had similar long-term patency. Our 
results concur with another report indicating that runoff did 
not affect long-term patency after PTA [7, 9]. 

The long-term patency of vessels having angioplasty in 
diabetic patients was half that of nondiabetic patients, a 
finding that is similar to results from other centers [4, 9]. The 
number of diabetics with poor runoff presenting for limb 
salvage was much greater than that of nondiabetics with poor 
runoff. Our studies support the conclusions of others that for 
the same amount of angiographic disease, diabetic patients 
are at greater risk for clinical disease, probably as a result of 
microvascular changes [4, 9]. 

The technical failure rate has remained about 10% and did 
not vary over the 7-year period. Five of the six embolic/ 
thrombotic complications occurred during the first 3 years of 
our experience. None were associated with serious sequelae. 
Despite the learning curve of faculty/fellows, the short-term 
(18-month) patency and technical failure rate were not signif- 
icantly different as we became more experienced. The number 
of cases that were technical successes but clinical failures 
was reduced in the latter half of the study since angioplasty 
was not as frequently attempted in patients with end-stage 
vascular disease. 

Finally, if the initial result of SFA angioplasty was clinically 
successful, the extended 4-year patency was not influenced 
by the quality or patency of the runoff or by the length of a 
treated occlusion. These results are at variance with those of 
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Krepel, et al. [13]; a possible explanation for this is that during 
the first half of their series tapered catheters were used rather 
than balloons. Krepel and coworkers were careful to empha- 
size the importance of morphologic results, and these authors 
did demonstrate a better patency in patients with good results 
after angioplasty. 

To date, the long-term results of femoropopliteal PTA in 
patients with symptoms warranting bypass surgery have been 
almost as good as saphenous veins and much better than 
prosthetic bypass grafting [5]. The high success rate, low 
complication rate, and easy management of recurrences sug- 
gest that a trial of femoropopliteal PTA may be indicated 
earlier in the clinical course of patients with calf claudication. 
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Radiology of the Spine Tumors. Edited by L. Jeanmart. Springer-Verlag: New York, 118 pp., 185 figs., 1986. 
$49.50 


This monograph continues the tradition of excellence manifested 
by previous publications in the Springer-Verlag diagnostic imaging 
series. The book features an international list of notable contributors 
and constitutes a clear, concise dissertation on the imaging aspects 
of spinal neoplasms. Its information content is less extensive than 
that of the well-known text by Wilner on bone and soft tissue tumors, 
but unique and advantageous to this book is its restriction to a single 
location. This important aspect renders it an extremely valuable 
reference for the performance and interpretation of diagnostic imaging 
Studies in patients with suspected spinal neoplasms. 

One of the most desirable features of the book is its organization. 
Technical considerations in the diagnostic work-up of spinal tumors 
are presented in the first chapter, and a section dealing specifically 
with the application of bone scintigraphy in metastatic disease is also 
included. The imaging characteristics of specific types of neoplasms, 
including primary osseous lesions, spinal cord tumors, neurinomas, 
pediatric tumors, hemangiomas, and metastases, are individually 
discussed in a succinct style. 

Other positive aspects of this monograph include its extensive list 
of recent references, its concise table of contents and subject index, 
which afford ready access to specific topics, and its attractive style 
of layout and printing. The quality of the illustrations is remarkable: 
the reader may at times feel as though the images are being viewed 
on a lightbox. Several MR images are included. 


The undesirable features of this book detract only slightly from its 
extreme utility as an information source. These include relatively 
sparse discussion of MRI and spinal sonography, which is not up-to- 
date, an unavoidable drawback due to publication schedules and 
rapid advances in these areas. Percutaneous biopsy techniques for 
spinal neoplasms are also not presented in detail. Portions of the text 
do not read as smoothly as one might wish, which is undoubtedly 
related to the expected difficulty in achieving optimal translation from 
foreign languages. One of the illustrations (Fig. 17b) is inverted as 
printed. 

In summary, this monograph is a well-organized, concise, and 
beautifully illustrated presentation of the Subject. It would be a 
valuable contribution to the reference library of any practicing radiol- 
ogist who performs and interprets diagnostic imaging studies of the 
spine. In the academic setting, it would be of particular value to 
osteoradiologists and neuroradiologists. Since the book can easily 
be read cover-to-cover and is extremely concise, erganized, and well 
illustrated, radiology residents would also find it helpful for learning 
the differential diagnosis of spinal lesions. 
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Angiographic Treatment of 
Gastrointestinal 
Hemorrhage: Comparison of 
Vasopressin Infusion and 


Embolization 





The results of selective intraarterial vasopressin-infusion therapy and embolization 
therapy were compared in two groups of patients with major gastrointestinal hemor- 
rhage. The site of bleeding, clinical course, complications, and transfusion requirements 
were evaluated in each group. Intraarterial vasopressin infusion therapy resulted in 
successful control of hemorrhage in 16 (70%) of 23 patients. Four patients, however, 
rebled and an operation was necessary, reducing the overall success rate to 52% (12 
of 23). In the group treated with embolization therapy, primary success was achieved in 
17 (71%) of 24 patients. Four patients in whom initial embolization failed to control 
bleeding underwent repeat embolization and in all four permanent control of hemorrhage 
was obtained, producing an overall success rate of 21 (88%) of 24. Analysis of our 
results according to site of hemorrhage suggests that at certain sites embolization is a 
preferred method of treatment; embolization allows earlier control of gastrointestinal 
hemorrhage and a reduction in transfusion requirements. 


Major gastrointestinal hemorrhage is a life-threatening event. When conservative 
medical management fails to control bleeding, therapeutic angiographic techniques 
are often employed. These techniques consist primarily of the selective intraarterial 
administration of vasopressin into the bleeding vessel [1-8] and, more recently, 
embolization therapy [9-17]. 

Although there are numerous reports describing the use of both forms of 
treatment, comparison studies are lacking. Clear guidelines as to which form of 
treatment should be used initially to control bleeding at various sites have not been 
established. Because there is more experience with vasopressin therapy, the 
consensus in the current literature is that vasopressin should be used first and, if 
it fails, embolization therapy should then be employed [11, 15, 18, 19]. 

In the past 6 years, our policy has been to use embolization therapy as the initial 
form of treatment in all arterial bleeding sites when the bleeding vessel can be 
selectively catheterized and the vascular anatomy is not prohibitive. This is in 
contrast to the preceding 6 years during which intraarterial vasopressin infusion 
was the primary form of treatment. The purpose of this study is to compare the 
clinical results of vasopressin-infusion therapy and embolization in patients with 
gastrointestinal hemorrhage treated during these two periods. 


Methods 


For accurate comparison of the effectiveness of these two forms of therapy, only those 
patients with an angiographically documented arteriocapillary bleeding site identified by 
extravasation of contrast material or by demonstration of frank vascular abnormalities were 
included in this series. Patients in whom the bleeding site was not clearly demonstrated on 
the angiogram or who had bleeding esophageal varices were exciuded. From 250 consecutive 
patients referred to angiography for gastrointestinal bleeding, 47 patients satisfied the criteria 
for inclusion in the study. Seventeen patients treated in the perioc from 1971 to 1977 received 
selective intraarterial vasopressin (Pitressin, Parke-Davis, Morris Plains, NJ) infusions. Vaso- 


1032 





pressin doses typically ranged from 0.2 U/min initially, with increases 
to a maximum of 0.4 U/min to control bleeding, followed by tapering 
of the dose over 12-24 hr (after control of bleeding had been 
achieved). Twenty-four patients treated in the period from 1978 to 
1984 underwent embolization therapy. The embolic agents used were 
Surgical gelatin-sponge particles (Gelfoam, Upjohn, Kalamazoo, MI), 
21 patients; polyvinyl alcohol particles (Ivalon [Unipoint Industries, 
Inc., Highpoint, NC]), five patients; Gianturco-Wallace (Cook, Inc., 
Bloomington, IN) coils, eight patients; detachable balloons, one pa- 
tient; and absolute alcohol, one patient. In 10 patients more than one 
embolic agent was used. An additional six patients treated in the 
period from 1978 to 1984 were determined not to be embolization 
candidates on the basis of the site of hemorrhage (colonic bleeding 
in two, small bowel bleeding in three, and gastric bleeding in one 
patient after two previous gastric operations). These patients were 
treated with intraarterial vasopressin and included in the vasopressin 
group, bringing the total to 23 patients treated with vasopressin. 

The medical records were reviewed in all patients, and the site of 
bleeding, method of treatment, and clinical course were noted. Pri- 
mary success for either type of therapy was defined as clinical or 
angiographic evidence of cessation of bleeding with stabilization of 
hematocrit. The frequency of rebleeding was noted, as were the 
frequency and results of any repeat embolizations. Complications 
arising from each technique were recorded. The total number of units 
of blood received by each patient in the 3 days preceding angiography 
and in the 3- and 7-day periods after angiography were tabulated. 
Data were analyzed using chi square analysis or the two-tailed 
unpaired t test. 


Results 


The patients in the vasopressin group were older than 
those in the embolization group (mean ages of 58.6 and 47.2 
years, respectively). The sex distribution in both groups was 
similar. In the vasopressin group there were 7 women and 16 
men, and in the embolization group there were 9 women and 
15 men. Analysis of the efficacy of each form of therapy 
according to bleeding site is shown in Table 1. Primary 
success in stopping bleeding with intraarterial vasopressin 
infusion was achieved in 70% (16/23). However, four of these 
16 patients rebled, (two while receiving vasopressin and two 
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Fig. 1.—72-year-old woman with pre- 
vious rupture of luetic abdominal aneu- 
rysm developed bleeding from her gas- 
trostomy stoma. A, Selective left gastric 
artery injection shows extravasation of 
contrast at a bleeding site in body of 
Stomach (arrow). B, Selective left gastric 
artery vasopressin infusion produced 
vasoconstriction with cessation of bleed- 
ing (arrow). Infusion was continued for 3 
days. The patient rebled 2 days after 
vasopressin was stopped. 


TABLE 1: Results of Vasopressin and Embolization in 
Gastrointestinal Bleeding 


SS 





























Radda N No. of Patients (%) 
Primary Overall Major 
Vasopressin: Success Rebleed Success Complications 
Stomach 9 8 (89) 2 6 (67) 0 
Duodenum 5 2 (40) 2 O (0) 1 
Distal bowel 9 6 (67) 0 6 (67) 1 
i Total 23 16 (70) 4 12 (52) 2 
Primary Repeat Overall Major 
Embolization: Success Embolization Success Complications 
Stomach 5 3 (60) 0 3 (60) 0 
Duodenum 6 4 (67) 1 5 (83) 1 
Distal bowel 3 3(100) 0 3 (100) 1 
Pancreas 3 2 (67) 1 3 (100) 0 
Liver ?, Ss Gh 2 7 (100) 1 
Total 24 17 (71) 4 21 (88) 3 


Note.—N = total number of patients given the designated therapy for bleeding at the 
designated site. 


a few days after termination of the infusion), reducing the 
overall success rate to 52% (12/23) (Table 1, Fig. 1). Three 
of these four patients who rebled during or after vasopressin 
therapy required surgery to control bleeding. In the group 
treated with embolization therapy, primary success was 
achieved in 71% (17/24) (Fig. 2). Of the seven remaining 
patients in whom initial embolization did not produce complete 
occlusion of the vessel and control of hemorrhage, four 
underwent repeat embolization. Two of these patients under- 
went repeat embolization within 24 hr, and two patients with 
arteriovenous fistulas had repeat embolizations at 3 weeks 
and 6 weeks later, respectively. All of these patients who 
underwent repeat embolization had permanent control of 
hemorrhage documented with long-term follow-up, resulting 
in an overall success rate of 88% (21 of 24 patients). The 
overall success rate with embolization therapy was signifi- 
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Fig. 2—35-year-old woman had re- 
cently umdergone total gastrectomy with 
jejunoesephagostomy and jejunostomy 
for hemerrhagic gastritis. After surgery, 
bleeding continued. A, Celiac arteriog- 
raphy shows bleeding site from duodenal 
branches of gastroduodenal ar-ery (ar- 
row). B, Selective embolization of gastro- 
duodena! shows occlusion of gastroduo- 
denal artery.and cessation of henaorrhage 
(arrow). The patient experienced mild 
pancreattis after embolization. 


cantly nigher than the overall success rate with intraarterial 
vasopressin (p < 0.01). 

In the group treated with embolization for gastric bleeding, 
there were two failures (Table 1). After a breakdown of an 
infected hepaticojejunostomy, one patient had intermittent 
bleeding from the upper gastrointestinal tract and his hepati- 
cojejunostomy drain. A bleeding site in left gastric artery 
distribution was identified and embolized. Bleeding from the 
drain site continued. Repeat selective arteriography 24 hr 
later revealed no further extravasation of contrast material 
from the stomach but documented a hepatic bleeding site 
from a replaced right hepatic artery. This vessel was embol- 
ized. Vasopressin infusions were delivered into the superior 
mesenteric artery and tre common hepatic artery, and the 
bleeding stopped 48 hr later. This case was counted a failure 
of embolization therapy becaue he required embolization fol- 
lowed by vasopressin; embolization, however, did control the 
gastric bleeding site. The second failure of embolization OC- 
curred in a patient who had undergone a gastrojejunostomy 
and gastrostomy complcated by shock, pneumonia, and 
chronic renal failure and who had recurrent bleeding from the 
lesser curvature of the stomach seen on endoscopy. Arteri- 
ography revealed a left gastric bleeding site. This vessel was 
embolized with preservation of fundal branches, but the pa- 
tient continued to bleed. He underwent repeat arteriography 
9 hr later, at which time the left gastric artery was noted to 
have reopened. No frank bleeding site was seen on the left 
gastric injection; however, there was a dense mucosal blush. 
Right gastric branches appeared to feed an area of blush and 
probable-extravasation. Repeat embolization of the left gastric 
artery was performed. Tne right gastric artery could not be 
occluded because of inability to place the catheter. Vasopres- 
sin infusion was started with the dosage increased to 0.4 U/ 
min, but this failed to control bleeding. The patient died that 
evening. Autopsy showed patchy ischemic necrosis of the 
stomach with pseudomembrane formation. This primarily in- 
volved the mucosa but in focal areas of the mid portion of the 
stamach, necrosis was full thickness. 

The patient with pylorcduodenal bleeding in whom emboli- 
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zation therapy failed to control bleeding from the gastroduo- 
denal artery also received vasopressin after embolization. 
Control of bleeding was achieved over the next 4 days. 
Endoscopy 24 hr after institution of vasopressin showed no 
evidence of ischemic necrosis. Subsequent surgery revealed 
a perforation at the suture line of the previous pyloroplasty 
but again no evidence of ischemic necrosis. 

Complications occurred in 8 (35%) of 23 of the patients 
receiving intraarterial vasopressin. They were minor in 6 (26%) 
of 23 and manifested as ischemic changes on electrocardi- 
ogram, cardiac arrthymias, or hypertension. Although none of 
these changes resulted in permanent damage, they did ne- 
cessitate reduction or interruption of the vasopressin infusion. 
There were two major complications in patients receiving 
vasopressin (Table 1). In one patient, infusion into the superior 
mesenteric artery for a jejunal bleeding site resulted in ces- 
sation of bleeding but produced thrombosis of several non- 
bleeding jejunal branches. Another patient suffered thrombo- 
sis of the femoral artery at the site of the indwelling infusion 
catheter, which resulted in gangrene of the toes. 

Complications occurred in 4 (17%) of 24 of the patients 
treated with embolization (Table 1). Three were major com- 
plications. In one patient with jejunal bleeding, embolization 
produced cessation of bleeding, but infarction of bowel was 
found at surgery 36 hr later (Fig. 3). In one patient with a 
pancreatic arteriovenous malformation, a duodenocolic fistula 
developed after occlusion of both the gastroduodenal artery 
and inferior pancreaticoduodenal artery. Thrombosis of the 
femoral artery puncture site necessitating a thrombo- 
endarterectomy occurred in one patient. lleus was a minor 
complication occurring in one patient (Fig. 4). 

The blood transfusion and replacement requirements in 
each group were analyzed. In the 3-day period up to and 
including the day of angiography, there was no significant 
difference in the amount of blood received by patients in either 
group. Tabulation of the transfusion requirements in the 3- 
and 7-day periods after angiography showed a significantly 
lower transfusion requirement for those patients treated with 
embolization (Table 2). 
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TABLE 2: Blood Transfusion Requirements 


Units of Blood Received Significance 


Time Period of Difference 





Vasopressin Embolization 





3 days before angiography 
and day of angiography 

3 days after angiography 

7 days after angiography 


14.7 +8.4 12.8 +10.7 p=NS 
56+61 23+29 p<0.01 
90+90 38454 p< 0.025 


Note.—NS = not significant. 


Discussion 


The selective intraarterial infusion of vasopressin into bleed- 
ing vessels has been the most widely used interventional 
angiographic technique for controlling hemorrhage. Consid- 
erable experience has been obtained with its use, and its 
efficacy in controlling bleeding at various sites is well docu- 
mented in several large series [4, 7, 8, 17, 20]. In patients 
with gastric mucosal bleeding sites, selective vasopressin 
infusion into the vessel supplying the bleeding site has been 
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Fig. 3.—34-year-old womar with systemic lupus 
erythematosus, nephrotic syncrome, and renal fail- 
ure presented with rectal bleeding. A, Superior 
mesenteric artery injection reveals extravasation of 
contrast material at bleeding sit in the mid-jejunum 
(arrow). B, Postembolization lective arteriogram 
shows occlusion of bleeding vessel (arrows). Con- 
trast material is pooled in jejunem distal to bleeding 
site. Twenty-four hours after embolization and di- 
alysis, low-grade fever develped. Surgery was 
performed, at which time a segment of necrotic 
bowel at embolized area was identified and re- 
sected. 


Fig. 4.—73-year-ald man with leuke- 
mia developed melema. A, Selective su- 
perior mesenteric artery injection shows 
bleeding site in cecé region (arrow). B, 
Bleeding was contrciled after emboliza- 
tion with Gelfoam particles. The patient 
developed an ileus at resolved 24 hr 
after embolization. 


found to be very effective with a control rate of 72% and a 
recurrent bleeding rate of 18% [17]. In patients with gastric 
bleeding, vasopressin infusion into other vessels (Such as 
the gastroduodenal, the hepatic, or the splenic for short 
gastric bleeding sites) has been less success*ul, with control 
rates of 42% and a 25% rate of recurrent gastric bleeding 
[17]. 

Bleeding from colonic diverticula has been controlled with 
intraarterial vasopressin in 80%-90% of cases 135 7S) 
Similarly, control of bleeding from the small bowel has been 
successful with control rates of 71% [15] after superior 
mesenteric artery infusion. Vasopressin is nct very effective 
in controlling bleeding of pyloroduodenal artery origin. Walt- 
man et al. [18] observed a 31% success rete with a 33% 
recurrence rate. The poor success rate at this site is attributed 
to the reversal of flow in the loop of the pancreaticoduodenal 
arcade, rendering ineffective any therapy based on occluding 
flow from one side of the loop [21]. Vasopressin in general is 
less successful in controlling bleeding from large vessels 
because, unlike peripheral arterioles and capillaries, large 
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vessels do not constrict in response to vasopressin [18]. It is 
less effective at sites where bleeding is associated with 
transmural inflammatory -eaction, such as in ulcer disease, 
because the ability of blood vessels to contract at these sites 
is impaired. It is also less effective in controlling bleeding from 
the hepatic and and pancreatic beds [18]. The major problems 
associated with vasopressin-infusion therapy are hyperten- 
sion, reflex bradycardia, coronary vasoconstriction, cardiac 
arrhythmias, bowel ischemia, and problems related to cathe- 
ter occlusion or dislodgment [4, 22, 23]. 

Embolization is a newer method of controlling hemorrhage 
[9]. It requires careful subselective angiography to avoid the 
potential complications of misplacement of the embolic ma- 
terial, inadvertent distal reflux of the embolic particles, or 
excessive organ devascularization. In the management of 
gastrointestinal hemorrhage its use has been reserved pri- 
marily for those cases in which vasopressin therapy has failed 
[11, 15, 18, 19]. Our experience suggests that it is better 
used as a primary methcd of hemorrhage control at certain 
sites. 

In our experience, embolization of the left gastric artery for 
gastric mucosal bleeding is as effective as vasopressin-infu- 
sion therapy. It avoids the problems associated with maintain- 
ing a stable infusion line in the left gastric artery, the problem 
of rebleeding, and other cardiovascular problems associated 
with vasopressin. Surgical experience has shown that surgical 
devascularization of the stomach can be done with relative 
impunity. The left gastric artery is commonly sacrificed be- 
cause the stomach has multiple sources of blood supply and 
rich submucosal plexus2s interconnecting major arteries. 
Studies by Brown and Derr [24] have shown preservation of 
a single major branch is cenerally sufficient to maintain viabil- 
ity. Apparently, as long as embolization is performed so as to 
avoid total devascularization of the stomach, it can be safely 
done. Successful embolic control of gastric hemorrhage has 
been reported by multiple investigators [12, 14-17, 25-27]. 
Reported complications of gastric artery embolization are 
rare. Rahn et al. [16] reported a single case of phlegmonous 
gastritis after left gastric embolization. Prochaska et al. [28] 
reported a single case of ischemic gastric necrosis in a patient 
who initially failed to respond to left gastric artery vasopressin 
infusion, underwent left gastric artery embolization with per- 
sistence of bleeding, and was subsequently continued on 
intraarterial left gastric artery vasopressin infusion. Goldman 
et al. [14] reported one patient with uncontrolled bleeding 
after two laparotomies who underwent left gastric artery 
embolization followed by vasopressin infusion and who sub- 
sequently developed gastric infarction. The one patient in our 
series who developed pa-chy ischemic injury after left gastric 
artery embolization had undergone previous gastrojejunos- 
tomy and had received selective intraarterial vasopressin 
therapy after embolization. These findings suggest vasopres- 
sin therapy should be used with caution after embolization, 
particularly in the setting of previous operative resection. Full 
thickness gastric ischemic injury was also reported in three 
postoperative patients after gastric artery embolization with 
Gelfoam powder, which és associated with increased risk of 
mucosal ischemia because of its penetration to smaller ves- 
sels (<200 um) [25, 27]. Careful evaluation of the gastric 
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vascular supply should be made in postoperative patients 
treated with embolization. 

Embolization is more successful than vasopressin in con- 
trolling bleeding from the duodenum. It was successful in five 
of six patients, whereas vasopressin-infusion therapy was 
ultimately unsuccessful in all five patients in whom it was 
used. After embolization, two of these patients went to sur- 
gery for repair of anastomotic leaks and in neither was there 
evidence of bowel ischemia or necrosis. One patient devel- 
oped a duodenocolic fistula after total occlusion of both the 
superior and inferior pancreaticoduodenal arteries, which in- 
dicates that total obliteration of blood supply, however, is 
inadvisable. Successful embolic control of duodenal bleeding 
has been similarly reported by others [13, 15, 29]. 

Our results with embolization of the distal bowel resulted 
in successful control of bleeding in all three patients. However, 
one patient developed ischemic necrosis of the jejunum ne- 
cessitating surgical resection, and another experienced ileus 
of short duration. Significant ischemic injury to bowel after 
embolization has been reported by others [30-33]. The like- 
lihood of ischemic infarction increases if embolization is per- 
formed to the extent that small vessel perfusion is obliterated 
[33]. Not clinically documented but of concern is transient 
loss of bowel-wall integrity with transmigration of bacteria 
across bowel wall and sepsis after intestinal arterial occlusion 
[34]. In a critically ill, already febrile patient, this occurrence 
could go undetected. This occurrence was suspected in one 
reported patient treated with intraarterial vasopressin-infusion 
therapy as a result of diminished arterial blood flow to the 
intestine [4]. 

In patients with bleeding sites distal to the ligament of 
Treitz, it is preferable to give intraarterial vasopressin first. If 
this fails to control bleeding within a reasonable period, then 
embolization or surgery should be performed. Embolization 
should be performed using the minimal amount of embolic 
agent to control hemorrhage. After embolization, the patient 
should be watched closely for signs of bowel ischemia. Bleed- 
ing originating distal to the ligament of Treitz is the only 
situation in which we would recommend a trial of vasopressin 
infusion initially. However, if the patient is in danger of immi- 
nent exsanguination, selective embolization may be lifesaving 
by allowing time for stabilization of the patient before surgery. 

In the control of hepatic bleeding and bleeding from the 
pancreatic bed, embolization therapy should be used initially. 
Vasopressin is usually ineffective at these sites. Control of 
hematobilia and bleeding from cut surfaces of the liver or false 
aneurysms can be readily accomplished with embolization 
therapy. The transient elevations in hepatic enzymes were 
well tolerated in our patients as in other reports [27, 35-37]. 
The ischemia induced by hepatic embolization is counteracted 
by increased oxygen extraction from the portal blood, and as 
long as the functional integrity of portal flow is maintained, 
reduction of hepatic arterial supply is well tolerated [38]. When 
particulate embolic material is used for proximal hepatic artery 
embolization, the cystic artery should be preserved; ischemic 
necrosis of the gallbladder has been reported after cystic 
artery embolization [39]. Similarly bleeding from the pan- 
creatic bed responds well to embolization, with only transient 
elevation of amylase. 
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In this series, the overall success rate in controlling hem- 
orrhage was significantly higher in the patients treated with 
embolization. Embolization resulted in more rapid control of 
hemorrhage, and patients treated with embolization had sig- 
nificantly lower transfusion requirements. The overall number 
of deaths in the vasopressin group was Slightly higher, 13 
(56%) of 23 patients, compared to 11 (46%) of 24 in those 
treated with embolization. This difference is not significant. 
Although the vasopressin-treated patients were older, the 
patients in both groups were extremely ill and had multiple 
problems. 


Conclusions 


Our experience comparing intraarterial infusion therapy and 
embolization suggests that embolization therapy affords sev- 
eral advantages over intraarterial vasopressin infusion. It pro- 
duces more rapid control of hemorrhage, and it avoids the 
problems of long-term catheter placement and the cardiovas- 
cular side effects of vasopressin. For these reasons, emboli- 
zation should not be reserved only for those cases in which 
vasopressin fails. Continued deterioration of the patient's 
condition occurs during this delay. Our experience suggests 
that, with the exception of bleeding sites distal to the ligament 
of Treitz, embolization should be used as a primary method 
for angiographic control of bleeding when the bleeding vessel 
can be selectively catheterized and vascular anatomy is not 
prohibitive. Embolization therapy, however, requires the avail- 
ability of interventional angiographers familiar with subselec- 
tive arteriographic techniques and the use of embolic mate- 
rials. When such expertise is not available, vasopressin-infu- 
sion therapy remains the alternative. 
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Serial Embolizations of an Extremity Arteriovenous 
Malformation with Alcohol via Direct Percutaneous 


Puncture 


Wayne F. Yakes,"’* Paul Pevsner,? Michael Reed,? Hugh J. 


Symptomatic arteriovenous malformations (AVMs) are a 
challenge to the interventional radiologist. In resectable 
AVMs, preoperative embolization plays an increasing role. In 
unresectable lesions, embolization often represents the only 
therapeutic possibility [1]. We report a case in which cathe- 
terization obstacles were circumvented by direct percuta- 
neous puncture of vascular feeders proximal to the AVM as 
described by Doppman and Pevsner [2]. The only embolic 
agent used was absolute ethanol. The Japanese literature 
reports two cases of renal arteriovenous fistulas embolized 
via the transcatheter route with absolute ethanol [3]. To our 
knowledge, this is the first report of a large peripheral extrem- 
ity AVM embolized with absolute ethanol. 


Case Report 


A 21-year-old white man had a “cold” lesion on his right thyroid 
lobe on l-131 scan. A metastatic bone survey showed a bone 
abnormality in the left proximal femur. Thyroid tissue diagnosis was 
adenomatous goiter. During open biopsy of the proximal left femoral 
lesion, gross hemorrhage occurred. A large portion of an AVM was 
removed. The patient had no previous symptoms and was not aware 
of the AVM. Ten years after resection he developed marked claudi- 
cation, and embolization was performed using Gelfoam (Upjohn, 
Kalamazoo, Ml), Ivalon (Unipoint Laboratories, High Point, NC), and 
a Gianturco coil (Cook, Inc., Bloomington, IN), which was placed in a 
distal feeder branch of the left superior gluteal artery. 

In the next 2 years, the patient's symptoms worsened, with marked 
decrease in exercise tolerance. The patient was admitted to Walter 
Reed Army Medical Center, where angiography showed a large 
anterior thigh AVM (Fig. 1). A staged embolization was planned using 
absolute ethanol. The left superior gluteal artery was first embolized 
proximally because a catheter could not be advanced past the 
Gianturco coil, and 5 ml of alcohol was injected through an inflated 
occlusion balloon. 

Three weeks later, a percutaneous puncture of the feeder adjacent 
to the nidus was performed with a 20-gauge needle (Fig. 2), through 
which 10 ml of alcohol was injected. The patient experienced mild 
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Fig. 1.—Selective left common iliac arteriogram. Enlarged arterial feeders 
from internal iliac system and from superficial and deep femoral systems. 
Gianturco coil in left superior gluteal artery feeder (arrow). 


pain in the proximal thigh for about 6 hr after the procedure. 

Six weeks later, a muscular branch feeder from the proximal left 
deep femoral artery was embolized. During external compression of 
the left common femoral artery to decrease flow through the AVM, 
10 ml of alcohol was injected into the AVM nidus. Ater embolization, 
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Fig. 2 —Postembolization angiogram through superior gluteal artery occlu- 
sion balloon catheter, 5 sec after contrast injection. Note nonfilling of throm- 
bosed pertion of arteriovenous malformation (AVM) and resultant stasis in left 
superior gluteal artery feeder (arrows), reflux of contrast into left inferior gluteal 
artery (open arrowhead), and spinal needle placement in distal portion of AVM 
feeder (closed arrowhead). 


the patient experienced a partial sensory deficit below the knee, 
which resolved completely in 12 hr. 

Three weeks later (9 weeks after the first embolization), the patient 
underwent a second percu7aneous puncture of the large feeder 
adjacent to the nidus. With external compression of the left common 
femoral artery, 10 ml of alochol was injected through the needle. The 
patient experienced immediace left lower leg motor weakness, which 
completely resolved in 1 hr. Also immediately after the procedure the 
patient experienced mild, transient (1-3 min) shortness of breath. 
Ventilation-perfusion radionuclide scan and multiple blood-gas sam- 
ples were normal. Two days later the patient complained of left chest- 
wall pain. A small left pleural effusion was noted on the chest 
radiograph. The patient was treated with Indocin (indomethacin), 
improved, and was discharged asymptomatic in 3 days. Angiography 
15 weeks after the fourth embolization demonstrated complete oc- 
clusion of the feeder (Fig. 3). The pleural effusion was never explained. 
Nineteem months after final embolization, the patient was still at full 
duty without restriction and running 8 to 10 mi (0.50-0.62 km) a 
week. 


Discussion 


Indications for treatment of AVMs include cardiac failure, 
hemorrhage, pain or nerve palsy, tissue ulceration, disfiguring 
mass, or limiting claudicazion. In the past, surgery was the 
only form of therapy, yet surgical cures were few [4]. Preop- 
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Fig. 3.—Left superior gluteal artery arteriogram 15 weeks postembdlization. 
Back-thrombosis of entire feeder occurred secondary to stasis. 


erative embolization is advocated for focal AVMs [5]. In 
unresectable AVMs, embolotherapy may be the only thera- 
peutic alternative [6]. Embolization of large AVMs should be 
a multistage procedure to reduce the risk of extensive tissue 
necrosis or neuropathy. 

Embolization with Gelfoam, Ivalon, dacron, wool, stee! coils, 
silicone and latex balloons, liquid tissue adhesives, such as 
Bucrylate (isobutyl-2-cyanoacrylate), and liquid silicone rubber 
have been reported. These materials all incompletely ablate 
AVMs, and lesions with large draining veins may allow pul- 
monary embolization of the emboli. Alcohol has successfully 
been used to ablate renal tumors [6]. Clouse et al. state that 
ethanol may be the preferable agent to ablate renal AVMs 
[5]. Alcohol is a well Known cause of permanent peripheral 
occlusions by sclerosing endothelium [7]. 

Alcohol was chosen as an embolic agent for several rea- 
sons. Previous particulate embolizations not only failed, but 
caused pulmonary emboli; alcohol’s physical properties make 
it easy to handle; and with needle or catheter placement 
adjacent to the AVM nidus, inadvertent alcohol embolization 
would be almost nil. With their direct percutaneous puncture 
technique, Doppman and Pevsner have successfully used 
absolute ethanol for obliterating the AVM nidus in two patients 
with a shoulder girdle and facial AVM (Doppman J, personal 
communication). Femoral artery compression and/or an oc- 
clusion balloon during embolization was thought to inhibit 
significantly the inadvertent embolization of alcohol. Since no 
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sciatic neuropathy occurred after the initial particulate embo- 
lization, we believed that a staged embolization would carry 
a low risk of neuropathy, and the patient was extensively 
counseled on the potential risks of sciatic denervation. 

This report documents the effective treatment of a symp- 
tomatic unresectable AVM with alcohol embolotherapy. The 
patient was restored to full physical activity without restriction 
or permanent complication. 
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CT Features of 
Intraabdominal Abscesses: 
Prediction of Successful Percutaneous 
Drainage 





Fifty-three patients with 71 intraabdominal abscesses identified on computed tomog- 
raphy (CT) and treated with percutaneous abscess drainage were evaluated for the 
possible predictive value of any particular CT feature in relation to the outcome of 
percutaneous drainage. Features analyzed included the presence of a “rind,” sharp 
exterior margin, air-fluid level, scattered internal gas bubbles, and internal septations, 
as well as size, site, and the presence or absence of fistulas as determined by 
sinography. Statistical analysis revealed that only site has predictive value; liver and 
subphrenic abscesses were more likely to have a successful outcome than abscesses 
in other locations (84% vs 47% complete cure). The presence of a long air-fuid level 
denoted communication with the gastrointestinal tract, which led to significantly longer 
drainage times and larger drainage volumes. Since there are no CT features that can 
strongly predict a poor outcome, all intraabdominal abscesses should be cansidered 
candidates for percutaneous drainage. 


The crucial role performed by computed tomography (CT) for the accurate 
diagnosis of intraabdominal abscesses and the planning of a safe access "oute for 
percutaneous drainage has been well established [1, 2]. However, the abilty of CT 
appearance to predict the eventual outcome of percutaneous drainage remains 
controversial. Preliminary reports implied that percutaneous drainage would be 
successful when limited to abscesses with specific CT appearances, including 
encapsulation of a well-defined unilocular collection, proximity to the body surface, 
and demonstration of a safe access route [3-5]. Certain CT features, such as poor 
wall definition, multiloculation, and existence of multiple cavities, were considered 
relative contraindications to percutaneous drainage [6, 7]. More recently, there has 
been a gradual expansion of criteria, and the resultant literature has documented 
successful results of percutaneous drainage in abscesses with complex features 
[8, 9]. The inconsistent correlation between CT image patterns and the results of 
percutaneous drainage has led some authors to discount altogether the use of CT 
as a predictor of success [10]. A rigorous testing of this position forms the basis 
of this paper. 


Materials and Methods 


A retrospective review was undertaken of the CT findings and clinical course of 53 patients 
who had a total of 71 intraabdominal abscesses and who underwent percutaneous drainage. 
The patients were selected because of the recency of their predrainage CT and the adequacy 
of clinical follow-up documentation. These cases constituted approximately 95% of all 
percutaneously drained intraabdominal abscesses in a recent 35-month period at our insti- 
tution. The CT examinations were reviewed by three observers, and certain definable features 
of the abscess were recorded: approximate volume by CT mensuration, the presence of a 
“rind” (wall with a distinguishable inner and outer margin) (Fig. 1), the presence of internal 
septations (Fig. 2), the presence of an air/fluid level, the presence of a sharp margin to the 
abscess (Fig. 3), and the presence of any internally scattered small gas bubbles (Fig. 4). 
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Fig. 1.—Rind. Intraabdominal abscess (Ab) with a wall having well defined 
inner and outer margins (curved arrows). Note adjacent bowel loop with 
thickened wall (arrow) secondary to Crohn's disease. 





Fig. 2.—Internal septations. Renal abscess with multiple internal septations 
(arrows). 





Fig. 3.—Air-fluid level and sharp margin. Diverticular abscess with long air- 
fluid level (black arrow). Contrast entered the abscess from a fistulous tract to 
the colon. Note sharp exterior margin (white arrows). 


Fig. 4.—Small gas bubbles. Lesser sac abscess containing scattered small 
gas bubbles (arrows). 


Varying CT protocols were employed through the study period, but 
most patients received intravenous contrast material and appropriate 
bowel contrast material before scanning. The clinical records yielded 
the following information: initial drainage volume, number of days of 
catheter drainage, the necessity for any further open surgery, and 
the demonstration of any fistulous communication between the ab- 
scess and an adjacent viscera. A simple scoring scheme was used 
to evaluate the outcome of percutaneous drainage in each case on a 
scale of 1 to 3: (1) catheter drainage cure, (2) partial success (e.g., 
effective palliative or temporary relief provided by percutaneous drain- 
age), and (3) failure of percutaneous catheter drainage to drain any 
significant volume of pus or to provide even temporary clinical im- 
provement. Finally, the etiology of the intraabdominal abscess was 
recorded, if ever known. 

Univariate analysis of the relationship between CT features and 
success of percutaneous drainage were performed with a chi-square 
analysis. Students t-test and analysis of variance were used for 
analysis of CT-determined size, initial drainage volumes, and the 
number of catheter drainage days. A log linear regression analysis 
was performed that incorporated the results of the univariate analyses 
in examining the variables related to success of abscess drainage. 
All the analyses were performed with the Statistical Package for the 
Social Sciences (SPSSX). 


Results 


The frequency of specific CT features is shown in Figure 5. 
Of the 49 abscesses with one or more feature, 25 had only 
one, 20 had two CT features, and four had three. CT-deter- 
mined size and initial drainage volume of subphrenic ab- 
scesses (mean values of 481 and 394 ml, respectively) were 
significantly larger than all others combined (mean CT size = 
242 ml, mean initial drainage volume = 159 ml) (p < 0.01). 
There was no detectable relationship between the eventual 
outcome and either CT size or initial drainage volume. 

The distribution of abscess-drainage outcome by site is 
presented in Table 1. Of the total 71 abscesses drained, 47 
(66%) were considered successful, 13 (18%) were partially 
successful, and 11 (15%) were failures. Success was highest 
in the liver and subphrenic areas, 86% (18/21) and 81% (13/ 
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Gas Unsharp 
Septations margin 


CT FEATURES None Rind Air-fluid level bubbles 





Occurrence 22/71 IUT l4/7\ I6/7\ 20/71 lO/ 7 
% Full Success 3| 19 15 \7 28 15 
n=47 
% Partial Success 15 38 38 38 38 O 
n=6 
% Foilure 45 29 18 er 18 2r 


n= |l 


Fig. 5 —Occurrence of speciic CT features against outcome of percuta- 
neous drainage. 


TABLE 1: Distribution of Success of Drainage by Site 





Partial 














Site Success Sinos Failure Total 
Liver 18 = 0 21 
Subphrenic 13 2 1 16 
Peluic 6 2 4 12 
Anterior abdominal wall 1 0 0 1 
Pancreas 4 0 0 4 
Psoas 0 3 1 4 
Renal 1 0 0 1 
Other intraperitoneal 3 2 3 8 
Other retroperitoneal 1 1 2 4 
Total 47 13 11 71 





Note.—Numbers represent number of patients. 


16), respectively, with no failures in the 21 liver abscesses. 
The pelvis had 50% (6/72) successful drainages, and the 
remaining sites combinec had successful drainage in 45% 
(10/22). Statistically, with partial success considered as fail- 
ures, there was greater success in the liver and subphrenic 
areas compared with all other sites combined (chi-squared = 
10.6, p = 0.0011). 

The relationship of success to CT features is presented in 
Figure 5. No single or combined feature yielded a statistically 
significant relationship witan success (p > 0.2). The presence 
of a proven fistula likewise had no relation to eventual out- 
come. 

Table 2 presents the results of successful outcome against 
the presence or absence of a particular CT feature, grouped 
according to site. For this analysis, liver and subphrenic 
abscesses were put in one group and all others in a second 
group. Partial successes were considered as failures. For the 
liver and subphrenic group, success was significantly more 
likely to occur if there was an absence of a fluid level or 
absence of a demonstratad fistula (chi-squared = 5.7, p = 
0.2). This association was not found in the other group (p > 
0.9). 

A t-test for differences in mean values found no difference 
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TABLE 2: CT Features vs Outcome by Site cf Abscess 


RR a SS SS RS a TS o AE O  . 





CT Features rae Agra cite ae 

Fluid level* 

Present 50 50 

Absent 95 46 
Gas bubbles 

Present 62 or 

Absent 90 50 
Septations 

Present 71 50 

Absent 91 46 
Rind 

Present 67 45 

Absent 87 48 
Unsharp margin 

Present 100 33 

Absent 81 51 
Fistula? 

Present 50 50 

Absent 93 46 


SS E EN E a Ses SS FE a oo a rE 
* 37 patients total. 
> 34 patients total. 
© Statistically significant difference (p < 0.05) in success, being higher when CT feature 
is absent, for liver and subphrenic area only. 


TABLE 3: Mean Duration of Abscess Catheter Drainage and 
Mean Initial Drainage Volumes vs CT Features for Liver and 
Subphrenic Abscesses 











. Mean Initial 
CT Feature pete Volume 
(ml) 

Fluid level 

Present 54.3? 358.1* 

Absent 22.1 224.5 
Gas bubbles 

Present 22.1 275.6° 

Absent e O ha 247.3 
Fistula 

Present 22.6° 299.7 

Absent 49.4 85.6° 





a Significant difference; p < 0.001. 
P Significant difference; p = 0.03. 
€ Significant difference; p = 0.05. 


between the mean number of catheter days in the cases 
grouped by success, partial success, or failure. There was no 
relation between success and mean initial-drainage volume. 
An analysis of variance of the relationship of these means to 
success by site found no significant association (p > 0.5). In 
the liver and subphrenic areas only, the mean number of 
catheter days was significantly longer in the absence of gas 
bubbles (F = 4.31, p = 0.05), in the absence of a fistula (F = 
7.89, p < 0.001), and in the presence of a fluid level (F = 7.3, 
p < 0.001) (Table 3). The mean value of initial drainage volume 
was significantly higher in the presence of gas bubbles (F = 
3.11, p = 0.03), in the presence of a fistula (F = 20.89, p < 
0.001), and in the presence of a fluid level (F = 5.68, p < 
0.001). Of the 14 patients with the CT finding of an air-fluid 
level, eight had documented fistula to the gastrointestinal 
tract; of 11 patients with documented fistulas to the gastroin- 
testinal tract, eight had a CT air-fluid level. 
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TABLE 4: Etiology of 71 Abscesses in 53 Patients 


Liver/Subphrenic 








Cause of Abscess PY Other Sites 
Postoperative 16 16 
Crohn's disease 2 3 
Biliary sepsis 4 1 
Unknown 4 1 
Other 3 5° 


Note.—Numbers represent number of patients. 
* Tooth sepsis, infected tumor, empyema. 
> Cecal actinomycosis, infected tumor, urinary sepsis, pancreatitis, diverticulitis. 


A log linear regression analysis of the relationship between 
site, CT feature, fistula documentation, mean number of 
catheter days, and initial-drainage volume resulted in a model 
with only site as significant in determining success. The ratio 
of the CT-determined abscess volume to initial-drainage vol- 
ume was not of statistical significance in relation to eventual 
outcome of percutaneous drainage. 

The etiology of the 71 abscesses in 53 patients is tabulated 
in Table 4. There were no real differences in the etiologies of 
the liver/subphrenic group as compared with others. 


Discussion 


As the results indicate, other than location, the specific CT 
features of intraabdominal abscesses that we analyzed do 
not provide any satisfactory predictive value as to the eventual 
outcome of percutaneous abscess drainage. On first consid- 
eration, these results appear to be discordant with those 
reported by Gerzof et al., who found significant statistical 
differences in the success of drainage of “simple” vs “com- 
plex” abscesses [8]. However, their definition of a “complex” 
abscess included several factors that could only be deter- 
mined after needle aspiration, whereas our results are based 
upon strict predrainage CT features; thus, a direct comparison 
of the results of the two studies is not necessarily valid. 

The lack of correlation between specific CT features and 
eventual percutaneous-drainage outcome may be in part re- 
lated to certain technical CT limitations. Most of the patients 
in the study were extremely ill and had understandable diffi- 
culty remaining cooperative throughout the scan. Many were 
postoperative (32 of 53 patients). Consequently the CT rep- 
resentation of the abscess wall would undoubtedly blur be- 
Cause of respiratory motion, volume averaging, or surgical- 
Clip artifact. In addition, the presence of a “rind” was thought 
to be largely dependent upon the nature of the surrounding 
tissue, and not necessarily a reflection of intrinsic encapsula- 
tion of the abscess. For example, a rind was never seen in 
21 liver cases, presumably because of high CT-density values 
routinely achieved by the liver during these mostly contrast- 
enhanced CT scans. Further, it has been previously reported 
that the factual delineation of septations and loculations by 
CT is restricted, and their visualization can be deceiving [11, 
12]. Alternatively, CT scanning may not detect small com- 
munications across the septa. 

Finally, with the number of procedures analyzed and the 
particular statistical treatment employed, our results do not 
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conclusively prove that certain individual CT features are 
valueless in success prediction. A larger series might produce 
Statistically significant CT prognostic characteristics, but this 
would be of limited use in routine clinical practice. 

While particular CT abscess traits had no demonstrable 
relation to eventual success, success was highly correlated 
with abscess site. Specifically, percutaneous drainage of ab- 
scesses located in the liver or subphrenic spaces had a 
Significantly higher success rate than drainage of those lo- 
cated elsewhere (84% vs 47% complete cure). Our results 
did not appear to be related to any major difference in 
underlying etiology between the two groups (Table 4) and is 
presumably an attribute of their anatomic location. As new 
drainage techniques develop, improved outcome in some 
locations can be expected. In our series, for example, the 
application of a recently described transrectal approach in 
four cases of deeply situated pelvic abscesses resulted in no 
percutaneous drainage failures [13]. Before the development 
of this technique, we experienced four failures out of a total 
of eight cases in the pelvic region. 

Although they are not entirely related to CT features as 
predictors of percutaneous drainage sequelae, several other 
interesting observations from our series merit comment. 
When we consider our strict criteria used for success and the 
significant number of abscesses that were purposely drained 
as a temporizing maneuver in critically ill patients before 
surgery, Our Overall success rate is in accordance with the 
reported results in the literature [4, 8, 9, 14-16]. Specifically, 
66% of our cases resulted in complete cure, 18% of cases 
were temporizing or resulted in some benefit from percuta- 
neous drainage, and only 16% were complete failures. In- 
cluded in the “failure” group were patients who died in the 
hospital because of other causes not related to their ab- 
scesses, although their percutaneous drainage may have 
been technically successful. Gerzof et al. and van Waes et al. 
have reported cure rates of 73.6% and 64%, respectively, in 
series containing a similar population of patients [8, 9]. 

Analysis of long air-fluid levels in abscesses and their 
relationship to fistulas to bowel also suggests several conclu- 
sions. Of those abscesses with the CT feature of long air- 
fluid levels (14/71), 56% were subsequently shown to have a 
fistulous communication to bowel. We suspect, but have not 
proved, that this CT feature always indicates a fistula at one 
time. As described by Kerlan et al., a delayed sinogram 3 to 
6 days after initial drainage, with active guidewire probing, is 
often required to demonstrate the presence of a fistula [17]. 
A delayed sinogram was not routinely obtained in our study 
and may explain the failure to document some of the pre- 
sumed existing fistula tracks. In any event, knowledge about 
the presence of a potential fistula, as indicated by a long air- 
fluid level, forewarns the radiologist or surgeon that drainage 
may be voluminous and protracted, but eventual excellent 
results from percutaneous drainage can be expected in spite 
of the presence of a fistula [18]. The mean catheter-drainage 
period for those patients who had an air-fluid level on CT 
scan or in whom a fistula was subsequently demonstrated 
was 40 days, compared with 22 days for all others (regardless 
of success). Also, the absence of an air-fluid level does not 
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completely exclude a fistula. Our series included five cases in 
which no air-fluid level was present and a fistula was shown 
by sinography, most of these to the pancreatic duct or biliary 
tree. 

The source of small separated gas bubbles in 16 of our 
cases is of interest. In three, a fistula to the stomach was 
demonstrated, thus explaining the gas but not its configura- 
tion. In the remaining, no fistula was ever proven, but the 
cases are loosely connected by the presence of significant 
quantities of clot within the cavity. Although gas production 
is a characteristic of some microorganisms, release of oxygen 
from hemoglobin within a clot matrix in an abscess chemical 
environment is probably a more likely explanation. Gas bub- 
bles within the centers of acutely necrosed sterile tumors 
after embolotherapy are possibly a similar model [19]. 
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Differential Diagnosis of Soft Tissue and Bone Tumors. By Steven |. Hajdu. Philadelphia: Lea and Febiger 
Company, 478 pp., 1985. $110 


This book constitutes a meticulous and well-referenced synopsis 
of the clinical, radiographic, and pathologic features of osseous and 
soft-tissue neoplasms. Its organization is unique in comparison with 
many texts on the subject in that the “Table of Contents” is arranged 
according to lesion characteristics as opposed to specific tumor 
types. Text material is extremely sparse, with information instead 
conveyed chiefly through the use of tables, diagrams, and photo- 
graphs. 

The book is somewhat cumbersome to use to learn about a specific 
neoplasm, but facilitates comparison of different lesions. Many of the 
tables are extremely complex and detailed and may be intimidating 
to some readers. The degree of cross-referencing appears excessive 
at times, but is probably necessary because of the organizational 
format of the work. 

Positive aspects of this book include its numerous and readily 
interpreted diagrams, large-page format, excellent index, and color 
pages for easy access to definitions and differential diagnoses of 
lesions. The inclusion of advanced techniques, such as MRI and 
electron microscopy, along with an appendix on exfoliative and 
aspiration cytology, is also extremely beneficial. 

In comparison to the well-known texts by Dahlin, Huvos, and 
Wilner, the number and quality of the radiographs in this book are 
inferior. The images are labeled directly via captions in the margins, 
many of which are somewhat simplistic for readers with prior knowl- 
edge in osteoradiology. However, since most radiologists possess 


only limited understanding of bone and soft-tissue tumor histopa- 
thology, this basic level of presentation is an asset to sections that 
deal with the latter. 

Perhaps one of the major unfortunate aspects of this book is the 
failure to employ color for the clinical and pathoiogic photographs, 
which are otherwise numerous and excellent. Many of the low-power 
black-and-white renditions of histology appear strikingly similar to 
one another, making it extremely difficult for the novice eye to 
appreciate their differentiating features. 

This book is a useful reference but is not readily amenable to 
cover-to-cover reading. Its primary value to radiologists lies in its 
provision of useful knowledge concerning the histopathology and 
clinical aspects of osseous and soft-tissue neoplasms, particularly 
with regard to distinctive aspects. The book would be a valuabie 
supplement to other texts on the subject for amy radiologist who 
encounters a significant number of such lesions in practice. In addi- 
tion, it would be a useful addition to the departmental library of a 
teaching institution with residents-in-training, because of its emphasis 
on differential diagnosis. The indicated price of the book is reasonable, 
given its admirable information content and the expertise of the author 
as a Surgical pathologist. 


David J. Sartoris 
University of California, San Diego School of Medicine 
San Diego, CA 92103 
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Transrectal Pelvic Abscess Drainage with Sonographic 


Guidance 


John L. Nosher,' Gary 3. Needell,’ Judith K. Amorosa,' and Irwin H. Krasna? 


Percutaneous catheter drainage is effective in the treatment 
of intraabdominal abscesses [1, 2, 3]. The procedure can be 
performed safely only if the access route to the abscess is 
clear of bowel loops and solid viscera. Most pelvic abscesses 
are intimately related to kowel and bladder and may present 
a problem to safe access for percutaneous drainage. In these 
patients, transrectal drainage may be an alternative; however, 
this requires a surgical incision performed through a procto- 
scape. The patient must be very cooperative, or general 
anesthesia is required. We describe an alternative technique 
for transrectal catheter drainage of pelvic abscesses under 
sonographic guidance. 


Subjects and Methods 


Using sonographic guidance, we successfully drained cul-de-sac 
abscesses transrectally in three patients. The first patient, a 3-year- 
old boy, developed a cul-de-sac abscess collection after perforation 
of his rectum secondary to a stick forcibly inserted by an older child. 
The second patient, an 18-year-old male developed a cul-de-sac 
abscess after exploration for a perforated appendiceal abscess. The 
third patient, a 54-year-old woman, developed a cul-de-sac abscess 
after surgery for an ileocolic intussusception caused by a lipoma of 
the cecum. 


Technique 


The patient is lightly sedated. With the urinary bladder 
distended, the abscess and rectum are scanned with a real- 
time Technicare Autosector at 3.5 MHz. The operator's hand 
is gloved and a rectal examination is performed to digitally 
palpate the abscess while observing the relationship of the 
examining finger to the abscess with real-time sonography 
(Figs. 7A and 2A). A 20-gauge needle is used to aspirate the 
collection, usually through the anterior abdominal transvesical 
route. The finger is removed from the rectum and a SACKS™ 
One Step™ catheter is laid on the ventral surface of the finger 
with the stylet of the catheter withdrawn approximately 1 cm 
to assure safe passage into the rectum. The catheter and 
index finger are inserted into the rectum together. 





Fig. 1.—A, Examining finger in the rectum adjacent to cul-de-sac abscess. 
The drainage catheter is in position on ventral surface of examining finger. B, 
Under continuous sonographic guidance, the trochar of the drainage catheter 
is passed with drainage catheter into central portion of the abscess. C, 
Following removal of stylet from catheter, and examining finger from rectum, 
sonography shows the pig-tail catheter to reside centrally within abscess cavity. 


The index finger is well visualized as it passes through the 
rectum to the site of the abscess. When the finger is in optimal 
contact with the abscess, the stylet is inserted through the 
tip of the catheter and the trochar catheter unit is advanced 
into the center of the abscess cavity as demonstrated by 
sonography (Figs. 1B and 2B). The stylet is removed from 
the catheter and the catheter assumes a pig-tail configuration 
(Figs. 1C and 2C). The catheter is then taped to the inner leg 
or to a Foley catheter, if one is in place. 
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A 


Fig. 2.—A, Longitudinal sonogram of pelvis showing the abscess cavity 
(measuring lines define extent) and the examiner's finger adjacent to abscess 
cavity (black arrows). B, Longitudinal sonogram of pelvis demonstrates central 


Discussion 


Percutaneous drainage has become widely accepted as 
the preferred treatment of abdominal and pelvic abscesses 
[1, 2, 3]. To safely drain pelvic and abdominal abscesses, the 
drainage catheter must not traverse adjacent organs. Pelvic 
and, especially, cul-de-sac abscesses may be difficult to 
approach because of the surrounding structures, such as 
bowel, bladder and uterus. Previously, we have drained these 
types of abscesses using a posterior approach in which the 
drainage system is passed along the side of the sacrum and 
through the buttocks. This catheter position is uncomfortable 
for the patient, and the location of the catheter leads to 
frequent kinking with the patient supine in bed. 

A transrectal approach, using fluoroscopic guidance, has 
recently been described [4]. This approach has the benefit of 
the shortest access to the abscess. Disadvantages include 
the need for a proctoscope, which increases patient discom- 
fort and virtually mandates the use of general anesthesia in 
children. In addition, both the operator and the patient are 
exposed to radiation. We developed the sonography-guided 
approach as an alternative to the fluoroscopic technique. 

The transrectal approach, with sonographic guidance, 
takes about 15 min. Patient discomfort is minimal and related 
to the digital palpation of the rectum. The procedure is safe, 
and there have been no complications to date. 

The gloved finger in the rectum is easily and accurately 
discerned with real-time sonography, and its location relative 
to the abscess is easily demonstrated with slight motion of 
the finger. The sonographic monitoring assures that the cath- 
eter is exactly placed in the abscess cavity. One of the 
abscesses we drained could not be palpated rectally, owing 
to its soft consistency and, therefore, was not a candidate 
for surgical transrectal drainage. In spite of this, we were able 
to easily direct a catheter into the abscess using sonographic 
monitoring alone. 





echoes corresponding to tip of drainage catheter (arraw). C, Longitudinal 
sonogram shows drainage catheter (arrowheads) after partial drainage. 


Mauro et al. [4] implied that transrectal drainage of cul-de- 
sac collections is not suitable in women because the female 
analog of the male retrovesical pouch, the pouch of Douglas, 
is situated much higher and would be out of reach of the 
transrectal technique. This certainly was not a problem in our 
female patient, whose cul-de-sac abscess was successfully 
drained. Although we have not attempted transvaginal drain- 
age of retrouterine cul-de-sac collections using sonographic 
guidance, this certainly seems to be a feasible approach. 

The only potential problem with transrectal catheter drain- 
age concerns the expulsion of the drainage catheter after 
several days, which happened in two of our patients. How- 
ever, this did not compromise the success of the procedure. 
Since there is a possibility of early catheter expulsion, irriga- 
tion of the abscess cavity with a 50/50 mixture of Betadine 
and saline is carried out at the time of the initial drainage, 
immediately after the evacuation of the pus. The volume of 
the irrigant is calculated to be less than the volume of pus 
obtained, and the cavity is initially lavaged several times during 
the first 24 hr. After this, the cavity is left to drain by means 
of gravity. 
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Timing of Chest Film Follow- 
Up After Transthoracic 
Needle Aspiration 





Transthoracic needle aspiration of pulmonary lesions is an extremely common pro- 
cedure. Pneumothorax, the most common complication, is potentially life threatening. In 
an effort to determine the optimum time for obtaining chest radiographs to detect 
pneumothorax, all cases of pneumothorax that occurred after transthoracic needle 
aspiration between 1981 and 1984 were reviewed. During this period, 673 transthoracic- 
needle-aspiration procedures were performed. Pneuomothorax occurred in 160 patients 
(23.8%), and 78 (11.5%) of these required a chest tube or aspiration. Of the total number 
of pneumothoraces, 142 (89%) were detected immediately, 15 (9%) were first seen after 
1 hr, and only 3 (2%) were first seen on the 4-hr radiograph. Of the pneumothoraces 
requiring intervention, 69 (88%) were detected immediately while the remainder were 
first picked up after 1 hr. There were no significant pneumothoraces detected after the 
1-hr radiograph. Immediate fluoroscopy and a routine chest radiograph 1-hour postpro- 
cedure are recommended. For outpatients 1-hr and 4-hr follow-up radiographs should 
be taken. 


Transthoracic needle aspiration (TTNA) is an efficient means of obtaining a tissue 
or culture diagnosis of a wide variety of pulmonary lesions and has become an 
extremely common intervention procedure. Pneumothorax is the most common 
and potentially serious complication, occurring in approximately 30% of cases. 
Despite this frequency, there is no uniform approach to the follow-up of pneumo- 
thorax after TTNA. It is the purpose of this study to determine when, after TTNA, 
most pneumothoraces occur so that one may monitor their resolution and determine 
whether treatment is required. 


Materials and Methods 


A total of 673 consecutive patients at Duke University Medical Center underwent TTNA 
between 1981 and 1984. Reports of this group were retrospectively examined, and those 
patients in whom pneumothorax was listed as a complication were included in the study. All 
chest radiographs relating to the procedure were then examined, and the time at which 
pneumothorax of any size was first detected was recorded. 

Aspiration procedures used for TTNA have remained constant during this period. Lesions 
were routinely aspirated with a 22-gauge thin-walled (Chiba, Medi-Tech, Watertown, MA) 
needle under biplane fluoroscopic guidance. The chest radiographs, posteroanterior and 
lateral, were used to determine the optimal (usually shortest) path to the lesion. If the lesion 
was not seen on the lateral radiograph, a limited CT examination was used for this purpose. 
A single pass was made and a sample aspirated for cytologic and/or bacteriologic examina- 
tion. If the initial cytology was acellular (as determined by cytopathology examination), a 
second pass was made. Immediately after the first aspiration, an upright posteroanterior 
expiratory chest radiography was obtained. Subsequent radiographs were obtained 1 hr and 
4 hr later. 

Any evidence of lung collapse was interpreted as pneumothorax. A significant pneumo- 
thorax was one in which the attending radiology staff believed intervention by either simple 
aspiration or placement of a chest tube was needed and that collapse of the lung was usually 
30% or more. If a pneumothorax was first detected at any point, and was not felt to be 
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significant, a follow-up radiograph was generally obtained about 4 hr 
later. If comparison of the original and follow-up radiographs showed 
that the pneumothorax was stable, a final radiograph was obtained 
the following morning. If there was an increase in size of the pneu- 
mothorax or the patient became symptomatic, a chest tube was 
inserted. Outpatients who developed pneumothoraces were admitted 
and were followed in the same manner. Outpatients in whom a 4-hr 
radiograph failed to reveal a pneumothorax were discharged with 
instructions to return if they became symptomatic. 


Results 


Of the 673 patients who underwent TTNA, pneumotho- 
races were detected in 160 (23.8%). The pneumothorax was 
Classified as significant in 78 (48.8% of the 160 cases of 
pneumothorax or 11.6% of the total group). These patients 
had immediate evacuation of the pneumothorax by either 
needle aspiration or, more commonly, insertion of a small, 
dart-type chest tube. 

Of the total number of pneumothoraces, 142 (89%) were 
first detected on the immediate radiograph; 15 (9%) were 
initially seen on the 1-hr radiograph; and only 3 (2%) were 
first seen on the 4-hr radiograph. Of the significant pneumo- 
thoraces, 69 (88%) were detected immediately, while the rest 
were first identified on the 1-hr radiograph. No significant 
pneumothoraces were first detected after the 1-hr radiograph. 
In no case was a chest tube placed for a delayed symptomatic 
pneumothorax. 


Discussion 


TTNA has proved to be an extremely useful procedure for 
the evaluation of a variety of lung disease. Its most common 
and potentially serious complication is pneumothorax. The 
development of pneumothorax after TTNA has been attrib- 
uted to a number of factors, including the size of the needle 
used, the number of times the visceral pleura is punctured, 
and the presence or absence of obstructive lung disease [1]. 
The incidence of pneumothorax after TTNA as reported in the 
literature ranges from 5% to 57%, with 2% to 17% requiring 
a chest tube [2-4]. Even with the use of smaller (22-gauge) 
needles, the frequency of pneumothorax has not decreased 
[5]. 

In general, the population of patients undergoing TTNA 
belongs to an older age group, has a higher frequency of 
smoking and chronic lung disease, and thus has a limited 
respiratory reserve. It is in this group that pneumothorax is 
least well tolerated. For example, in two series, 10 (18%) of 
57 and 12 (16%) of 74 patients with pneumothorax (from 
various Causes) died [6, 7]. It is, therefore, essential to detect 
the presence of pneumothorax in a timely and efficient man- 
ner. 

In spite of this frequent and potentially dangerous compli- 
cation, there is no uniform method of surveillance for the 
detection of pneumothorax after TTNA. Johnson et al. [8] 
recommend a follow-up chest radiograph immediately after 
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the procedure and a repeat radiograph if clinically indicated. 
For outpatients, radiographs are taken immediately and after 
4 hr. Gibney et al. [9] suggest a follow-up radiograph the 
morning after the procedure. Youmans et al. [10] placed a 
chest tube after biopsy of diffuse parenchymal disease in 
each patient and obtained radiographs on the evening of the 
study. 

It has been estimated that most pneumothoraces occur 
within 30 min after the procedure and that some with a small 
leak may not become evident for 3 or 4 hr [1]. Stevens and 
Jackman, from their experience in performing a large series 
of outpatient TTNAs, state that rarely did pneumothorax 
become apparent after the first hour of observation [11]. Our 
study supports these statements. Of the total number of 
pneumothoraces, 98% were first detected within 1 hr after 
the procedure, while only 2% were first seen on delayed 
radiographs. However, of the significant pneumothoraces, all 
were discovered within 1 hr after TTNA. 

We recommend chest fluoroscopy after the TTNA. This 
should be adequate to detect large pneumothoraces and is 
easily done. A chest radiograph obtained 1 hr after the 
procedure will detect 98% of pneumothoraces and identify all 
of those requiring intervention. For outpatiemts, a 4-hr radi- 
ograph is also obtained. The relatively few patients in whom 
a significant pneumothorax may occur after this time should 
be clinically apparent. 
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Clinical Value of Blood Pool 
Radionuclide Venography 





Blood pool radionuclide venography and contrast venography were carried out in 50 
patients in whom deep vein thrombosis was suspected. The two procedures were 
compared on the basis of 198 individual vessel segments. The overall concordance 
between radionuclide and contrast venography was 92%. Using contrast venography as 
the standard, the sensitivity of radionuclide venography was 90% and specificity 96%. 
The predictive accuracy of a positive test was 77% and of a negative test was 97%. 
The performance of radionuclide venography improved if the calf veins were excluded 
from analysis. The main limiting factor affecting the performance of radionuclide ven- 
ography was the moderately poor resolution of the technique. Technical manipulations 
to improve resolution were time consuming and added little to the accuracy of the test. 
Radionuclide will not replace contrast venography but may well be used to complement 
contrast venography when it is technically unsatisfactory or unequivocal, in patients 
with a history of intolerance to contrast media, and in bedbound patients. 


Lower extremity pain and swelling are among the most common complaints in a 
primary care clinic. Taken together, they are the second and fourth most common 
complaints among adults in a Family Medicine and Internal Medicine practice, 
respectively [1]. The differential diagnosis includes cellulitis, muscle tear, tendon 
rupture, hematoma, rupture of a popliteal cyst, and deep vein thrombosis. Because 
of the life-threatening possibility of pulmonary embolism [2], deep vein thrombosis 
is uSually ruled out first. 

Contrast venography (CV) remains the standard technique in the diagnosis of 
deep vein thrombosis. Its accuracy exceeds 98%. There are a number of definite 
disadvantages to CV, however. CV is painful and invasive. Complications include 
formation of new thrombi induced by the contrast medium itself and reactions to 
the contrast material [2-6]. 

The noninvasive armamentarium for the diagnosis of deep vein thrombosis is 
growing [7-9], but despite enthusiastic initial reports, the noninvasive techniques 
have been only moderately successful [2, 9-12]. Blood pool radionuclide venog- 
raphy (BPRV) appears to have some distinct advantages: bilateral visualization of 
the deep venous system, reproducibility, and equal sensitivity to proximal or distal 
disease. In addition, it is painless, free of complications, and portable [7, 8, 10]. it 
therefore would seem an ideal screening test for the detection of deep vein 
thrombosis. We report our clinical experience using BPRV, discuss the technique 
used, and compare the results with other reported experience. 


Subjects and Methods 


The clinical research protocol was approved by the institutional review committees. All 
patients gave informed consent before participating. All patients over 21 years of age referred 
to the Radiology Department for CV were asked to participate in the study. The first 50 who 
agreed to participate were included. BPRV was done in 18 cases before and in 32 cases 
after CV. In all cases the two procedures were obtained within 24 hr of each other. 
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Blood Pool Radionuclide Venography 


Red blood cells were labeled with 25 mCi (925 MBq) of %"Tc 
pertechnetate in the first 25 patients using the in vivo/in vitro tech- 
nique [13] and in the subsequent 25 patients by the in vivo technique 
[14]. Acid-citrate-dextrose was used instead of heparin as an anti- 
coagulant for the in vivo/in vitro technique [15]. 

Anterior images of the lower abdomen and thigh and posterior 
views of the lower thigh and legs were obtained in all patients. 
Occasionally, lateral views and proximal tourniquets were used to 
enhance visualization of leg veins. Nonvisualization or poor definition 
of a vein was considered a positive scan. All BPRVs were obtained 
on a large-field-of-view camera. 

All interpretations were made by a single experienced nuclear 
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Fig. 1.—Normal blood pool radio- 
nuclide venograms in three patients. In 
vivo/in vitro technique was used to label 
red blood cells in A and in vivo technique 
in B and C. No significant clinical improve- 
ment is seen from A to B. Only case of 
poor binding is seen in C. 


medicine physician, prospectively and without the knowledge of CV 
results. 


Contrast Venography 


A 30% solution of diatrizoate meglumine (50-100 ml) was injected 
into a superficial dorsal vein of the foot with a tourniquet around the 
ankle to promote filling of the deep system. Sequential radiographs 
of the entire limb and pelvis were obtained in all patients. Intraluminal 
filling defects and nonfilling of some or all deep veins were criteria for 
positive venograms. All studies were interpreted by two experienced 
radiologists, prospectively and independently of each other without 
the knowledge of the BPRV reports. 
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Fig. 2.—Unilaterally abnormal blood pool venograms in two patients show 
poor visualization (arrowheads) of left iliac (A) and left popliteal and calf veins 
(B). Contrast venography confirmed these findings in both cases. 


TABLE 1: Findings of Blood Pool Radionuclide Venography 
(BPRV) by Vein Site as Compared to Contrast Venography (CV) 
SO ______ 








CV and BPRV 
Vein Site ze att 
g o Agree Disagree 
lliac 49 0 
Femoral 46 3 
Popliteal 49 1 
Calf 40 10 


LL 


In our study, the results of CV were taken as the true diagnosis, 
to which the results of BPRV wer2 compared. All venograms (BPRV 
and CV) were graded as either positive or negative for deep vein 
thrombosis in the iliac, femoral, pcpliteal, or calf veins. 


Results 


No procedure-related complications were detected. The 
use of in vivo, instead of the in vivo/in vitro technique for red 
blood cell labeling, reduced the average time from patient 
arrival to the time it was completed from 90 min to 60 min 
without any significant loss in deep vein visualization (Figs. 
1A and 1B). 

To evaluate separately the impact that the lateral views 
and those views using a proximal tourniquet had on the final 
diagnosis, we analyzed all cases retrospectively without these 
additional views. It was found that the final diagnosis was not 
affected when these additional views were taken into consid- 
eration. From this we infer that these time-consuming maneu- 
vers are not Clinically helpful. 

Recent exposure to iodinated contrast media did not inter- 
fere significantly with red blood cell labeling in 32 cases using 
either the in vivo/ in vitro or the in vivo technique. In only one 
case where BPRV was done first was the binding efficiency 
considered to be poor (Fig. 1C), the reason for which is 
unknown. Previous anticoagulation did not affect the binding 
in 19 cases. 


BLOOD POOL RADIONUCLIDE VENOGRAPHY 
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Fig. 3.—False-positive blood 
pool radionuclide venogram. A, 
Poor visualization of right femoral 
vein (arrowheads). B, Contrast ven- 
ogram is normal. 


In the 50 patients, 198 venous sites were evaluated. One 
patient was excluded from analysis because the iliac and 
femoral veins were not visualized properly on CV. 

There was agreement of BPRV and CV in 184 vein sites 
(93%) and disagreement in 14 (7%). However, excluding the 
calf veins, BPRV and CV agreed in 144 (97%) of the sites 
and disagreed in four sites (3%). Table 1 summarizes our 
findings by vein site. In the femoral veins, the discrepancy 
between the two studies were all CV false positives. The only 
discrepancy in the popliteal veins was one CV false negative. 
In the calf veins there were two CV false negatives and eight 
false positives. Comparing the results of the first 25 patients 
with the results of the last 25 patients, one finds that in the 
former, there is disagreement between the two procedures in 
10 studies. Of these, there were eight false positives in the 
calf veins and one in the femoral vein and only one false 
negative, localized in the calf vein. However, in the last 25 
patients, there were two false positives in the femoral veins 
and two false negatives, one in the calf vein and one in the 
popliteal vein. 

Typical abnormal scans are shown in Figure 2. Figure 3 
shows one of the three cases of discordancy in the femoral 
vein. All three cases were false-positive scans. In the popliteal 
area there was only one false negative (Fig. 4) and no false 
positive. No discordance was detected in the iliac veins. 

The overall sensitivity, specificity, and predictive accuracy 
of a positive and a negative test with BPRV were 90%, 93%, 
77%, and 97%, respectively. However, if the calf veins were 
excluded, these performance factors increase to 96%, 97%, 
89%, and 99% (Table 2). 
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Fig. 4.—False-negative blood 
pool radionuclide venogram. A, 
Normal-appearing left popliteal and 
calf veins (arrowhead). B, Contrast 
venogram demonstrates extensive 
thrombosis (arrowhead). 


TABLE 2: Clinical Value of Blood Pool Radionuclide 
Venography by Vein Sites as Compared to Contrast Venography 





All Vein 








Excluding Calf 
SS "Veins (%) 
l S ps : 

Sensitivity 90 96 
Specificity 93 97 
Predictive accuracy of a posi- 

tive test 77 89 
Predictive accuracy of a nega- 

tive test 97 99 
Discussion 


The advantages of BPRV include simplicity, portability, easy 
tolerance by the patient, and simultaneous visualization of the 
deep veins bilaterally, including the common iliac veins. In 
addition, it can be repeated without major risk or discomfort 
to the patient. 

Exposure to contrast media or heparin did not interfere 
significantly with red blood cell labeling and therefore, in our 
opinion, should not be a major factor interfering with patient 
scheduling in the clinical setting, as suggested by Tatum et 
al. [16]. The use of the in vivo/in vitro technique for red blood 
cell labeling was also time consuming, and we believe the 
results do not justify the effort and time involved. 

The overall 92% accuracy of BPRV compared favorably 
with CV and is consistent with previous reports [4, 5], but 
this may be misleading. The predictive accuracy of a positive 
BPRV in our series was only 77%. Therefore, one may infer 
that a positive BPRV should be confirmed with CV. A negative 
BPRV has a different implication. The predictive accuracy of 
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a negative BPRV was 97%, increasing to 99% if calf veins 
were excluded; the predictive accuracy rate is therefore high 
enough to clinically exclude significant disease. 

Two factors adversely influenced our overall performance. 
First, our initial lack of experience accounted for the high 
number of false-positive reports in the calf veins in the first 
25 patients. The same interpreter, with the experience of the 
first 25 cases, was able to decrease significantly the number 
of false-positive readings in the calf veins in the last 25 
patients. Second, the resolution of the BPRV technique was 
suboptimal: The resolution was modest with large veins and 
poor with small veins. In retrospect it appears that the poor 
resolution was the most important limiting factor with BPRV. 

BPRV compares favorably with other noninvasive radio- 
nuclide techniques for the detection of thrombosis [10]. 
Radionuclide venography using radiolabeled albumin mac- 
roaggregates is associated with no morbidity and has similar 
diagnostic accuracy. Its clinical acceptance has been limited 
in our practice. The reason may be that it is a demanding 
technique and not as portable as BPRV, im addition to being 
uncomfortable to the patient. Repeated views are not possible 
unless the patient is reinjected [17]. lodine-125 fibrinogen 
Studies require serial monitoring, and clinical application is 
limited [18]. 

We therefore conclude that BPRV can be very useful to 
complement CV in certain cases, such as in cases in which 
the possibility of deep vein thrombosis is very low, in bedrid- 
den patients, in technically unsatisfactory or equivocal CV, 
when there is history of adverse reactions to contrast media, 
and when CV cannot be done for any other reason. 
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Neurologic Complications in 
Diabetics After Metrizamide 
Lumbar Myelography 





Recognized risk factors for metrizamide myelography are seizure disorder, seizure- 
threshold-lowering drugs, dehydration, and possibly age. After observing serious neu- 
rologic complications in diabetic patients after routine metrizamide myelography, a 
retrospective study was conducted to determine if diabetes should be considered 
another independent and important risk factor. Forty-one diabetic patients who had 
lumbar metrizamide myelograms were compared with a control group of 110 nondiabetic 
patients. A significantly higher incidence was found of severe vomiting (15% vs. 3%, p 
< 0.01) and neurologic complications (20% vs. 2%, p < 0.001) in the diabetic population. 
Neurologic complications included one case each of seizure, severe encephalopathy, 
auditory and visual hallucinations, and prolonged somnolence and four cases of confu- 
sion-anxiety. Four of the diabetic patients had major transient elevations of blood 
pressure. These findings suggest that diabetics are a high-risk population for metriza- 
mide myelography. The dose of metrizamide should be minimized, whenever possible. 
The new nonionic myelographic agents may prove to be safer in this population, but 
caution and careful follow-up should be exercised in the initial trials with these patients. 


Although metrizamide is less neurotoxic than ionic, water-soluble contrast 
agents, there continue to be reports of rare but serious adverse reactions after 
myelography. These include seizure, encephalopathy, and neuropsychiatric abnor- 
malities [1-6]. 

Complications from metrizamide are often dose-related, resulting from excessive 
intracranial concentrations of the drug [7-12]. However, high-risk factors inde- 
pendent of dose have been described. These include a seizure history, drugs that 
lower the seizure threshold, and dehydration [1, 4]. 

Patients with diabetes mellitus have not previously been considered a high-risk 
population for metrizamide myelography. However, after observing serious neuro- 
logic complications in diabetic patients after lumbar myelography with metrizamide, 
we conducted a retrospective study to determine if diabetes should be considered 
another independent and important risk factor. 


Materials and Methods 


We reviewed the records of 41 diabetic patients who underwent lumbar metrizamide 
myelography at the University of Rochester Medical Center from 1979 through 1983. The 
control group was composed of 110 randomly selected nondiabetic patients studied during 
the same period. 

In our study a patient was considered diabetic only when the disease was diagnosed by a 
physician and some form of medical or dietary treatment was prescribed. Specifically excluded 
from both groups were cases of questionable diabetes; patients who had cervical, thoracic, 
or multilevel examinations; and patients studied with Pantopaque or other water-soluble 
agents. Twenty-one patients were insulin-dependent, 16 were treated with oral medication, 
and four were controlled by diet. 

Symptoms and signs such as headache, nausea, and vomiting were classified into major 
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categories based on physician and nursing notes. The guideline for 
each category was determined before chart review. For example, 
vomiting was defined as mild for the purpose of this study if there 
were one or few episodes; moderate if there were multiple episodes 
over many hours; and severe if debilitating and prolonged over 24 hr 
and not relieved by medication. 

Since the neuropsychiatric syndrome (confusion, memory deficit, 
agitation) was not specifically tested for, and since symptoms are 
frequently subclinical, our results probably underestimate its fre- 
quency [5, 6, 13]. Cases in which the patient was described as 
irritable were attributed to discomfort rather than drug effect unless 
specific assessments were made by the patient's physician. Conse- 
quently, milder anxiety reactions and irritability are underestimated 
by study design. 

Neurologic symptoms were attributed to drug effect rather than 
diabetes (hypoglycemia) only if there was no documentation of prob- 
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able or possible hypoglycemia, no evidence for a postictal reaction, 
and if the complication was prolonged over 6 hr. 

Because of the high incidence of low back pain and urinary 
retention in the study population before myelography and the difficulty 
in assessing postmyelogram changes in these symptoms, these 
complications were not included in this study. 

Statistical analysis was by Chi-square test. p values are not 
reported when 20% of the cells contained fewer than five patients. 


Results 


The incidence of the most frequent complications are 
shown in figure 1. Except for headache, for which the control 
group showed a slightly greater rate of occurrence, all adverse 
reactions and complications were more frequent in the dia- 
betic patients. The incidence of vomiting was 24% in the 
diabetics and 15% in the controls. A significant difference 
was noted in the incidence of severe vomiting lasting longer 
than 24 hr. This occurred in 15% of the diabetic patients, five 
times more frequent than in the controls (p < 0.01). Overall, 
neurologic complications occurred in 20% of the diabetic 
patients, 10 times more frequent than in the controls (p < 
0.001). 

The complications increased with age in both populations 
for all categories except headache. Since the mean age of 
the diabetic patients was greater than the controls (mean + 
SD = 58 + 11 vs. 45 + 15, respectively), the data were 
subdivided to develop age-matched controls. These results 
are Summarized in figure 2. Although the incidence of nausea, 
vomiting, severe vomiting, and neurologic complications in- 
creased with age, the increase with age was much greater in 
the diabetics. This same trend was seen when patients were 
arbitrarily clustered into age group intervals of 10 years, 20 


Fig. 2.—Complications by age: headache (A), 
nausea (B), vomiting (C), severe vomiting (D), and 
neurologic (E). n values for age groups 0-40, 41- 
60, and 61-90 years are 2, 19, and 20 for diabetic 
patients and 47, 38, and 25 for controls, respec- 
Years 61-90 Year tively. 
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TABLE 1: Profile of Diabetic Patients Experiencing Neurologic Complications 
Age, Gencer Treatment Headache Nausea Vomiting Blood Pressure” Neurologic Disturbance Duration (hr)t 
TAME Shacks ces PO NC Disorientation & severe 10-24 
anxiety 
PRY sc. essere ausee 8 PO Mild Mild Mild NC Disorientation & felt 18-24 
“strange” 
STA oawe sees nai Moderate NC Somnolent, arousable with 20-72 
difficulty 
<M E EE | Mild Severe Severe NC Anxiety Onset un- 
clear; 
lasted 48 
A eae PO 194/106 Hallucinations primarily au- 6-24 
ditory, possibly visual 
16. F ai saad hws PO aan Moderate Moderate 200/100 Disorientation (oriented X1) 6-24 
TLM. PEPE IPES, Moderate Severe Severe 180/100 Encephalopathic, dis- 15-120 
oriented, incontinent, 
asterixis 
GLF: erid raaa Severe Severe Severe 220/120 Seizures, disoriented, le- 10-48 
thargic, incontinent, focal 
myoclonic seizures, 
asterixis, ataxia 
a 
Note.—FD = treatment with oral medication; | = treatment with insulin. 


* Maximum recorded blood pressure within the 72 hr period after myelography in patients with normal blood pressure or mild hypertension prior to myelography. NC = no change (no 


indication of major change after myelography). 
t Approximate duration of neurologic complication after myelography. 
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Fig. 3.—Complications in diabetics. Male vs. female. 


years, and all patients unde” 50, compared with all patients 
over 50. 

In 41 diabetic patients, eight well documented neurologic 
complications were observed (table 1). These included one 
case each of seizure, severe encephalopathy, hallucinations, 
prolongec somnolence, and four cases of confusion-anxiety. 
Two other patients developed symptoms typical for hypogly- 
cemia. These symptoms were promptly relieved with treat- 
ment and were considered insulin-induced and not metriza- 
mide related. In the control group, two cases showed the 
neurologic complication of confusion-disorientation. Four of 
the diabetic patients showed sustained elevations of blood 
pressure lasting up to 3 days after myelography. 

No statistically significant difference in complications was 
found between non-insulin-dependent diabetics and the in- 
sulin-dependent group. Similarly, we were unable to demon- 
strate any significant relation of complication rate to other 


medical risk factors (cardiac disease, hypertension, concur- 
rent medications). Metrizamide doses were similar in both 
groups ranging from 11 to 17 ml (190 mg I/ml) in the diabetics 
and 10-17 ml of the same concentration in the controls. 

Overall, female diabetics had a higher incidence of all com- 
plications than did male diabetics. This was not seen in the 
control group (fig. 3). 


Discussion 


This study shows that elderly patients are at a higher risk 
for protracted vomiting after lumbar metrizamide myelogra- 
phy. In the diabetic patient the risk estimates exceed those 
of the age-matched controls. Severe vomiting in elderly pa- 
tients may cause subsequent dehydration, electrolyte imbal- 
ance, and secondary neurologic complications. These se- 
quelae may be especially worrisome in diabetics. 

A markedly increased risk for neurologic complications is 
noted for diabetic patients. This risk appears independent of 
fluctuations in serum glucose levels. For reasons we cannot 
explain, the risk for neurologic complications in female dia- 
betics was higher than the risk in female controls or male 
diabetics. 

The neurologic complications observed in diabetic patients 
ranging from neuropsychiatric-type symptoms (confusion- 
anxiety) to encephalopathy and seizure were similar to symp- 
toms of metrizamide reactions in nondiabetics. Although we 
cannot exclude fluid and electrolyte imbalance as a contrib- 
uting factor, vomiting was not always a factor in our patients. 
Similarly, though clear delineation of the hydration status of 
patients before myelography was not possible, we have no 
evidence that our diabetic subgroup had significant electrolyte 
shifts or dehydration before the procedure. 

A high incidence of severe hypertension was also noted in 
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the diabetic populaton. Blood pressure elevation is not, to our 
knowledge, mentioned in the literature as a characteristic of 
metrizamide-induced toxicity in nondiabetics. 

Although the mechanism of toxicity of metrizamide is not 
fully understood, it has been postulated that neurotoxicity is 
caused by interference with cerebral glucose metabolism [2, 
10, 14]. This hypothesis is supported by experiments that 
demonstrate that metrizamide decreases glucose metabolism 
in the hippocampus tissue slice model [14] and that in vitro 
metrizamide is a competitive inhibitor of hexokinase [15]. 
Diabetics with baseline abnormality of glucose metabolism 
may be more sensitive than normal patients to a drug that 
interferes with glucose metabolism. 

There also appears to be a close relation between toxic 
reactions, drug concentration, and time of brain surface con- 
tact [3, 7-10]. In one of our diabetics, prolonged high-surface 
concentrations of metrizamide led to the evaluation and di- 
agnosis of normal-pressure hydrocephalus (NPH). Although 
we are unable to determine the incidence of NPH in our 
diabetic study group, diabetics may be at increased risk for 
NPH. One study reports a fourfold increase in the incidence 
of abnormal glucose tolerance tests in patients with NPH 
compared with age-matched controls [16]. One may postulate 
that basement membrane thickening and associated micro- 
vascular changes secondary to diabetes may cause impair- 
ment of cerebrospinal fluid synthesis or flow through arach- 
noid villi. 

To our knowledge there are no previous reports of me- 
trizamide complications in the diabetic patient population. 
However, in a report of two patients who developed metabolic 
encephalopathy after metrizamide myelography, one patient 
was diabetic [17]. The Amipaque (metrizamide) index com- 
piled by the Sterling-Winthrop Research Institute, Renssalear, 
NY, showed no reported cases of seizures in diabetic pa- 
tients; however, two diabetics developed persistent stupor. 

We caution that the diabetic patient population is at in- 
creased risk for complications from metrizamide myelogra- 
phy. Toxicity in this group is probably multifactorial, and care 
should be exercised in studying these patients. Precautionary 
measures may involve limiting the dose of metrizamide or 
using the newer and presumably less toxic second-generation 
nonionic agents when they become available. Initial trials with 
diabetics will require careful observation. 
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Sonographic 
Characterization of Carotid 
Plaque: Detection of Hemorrhage 





By careful evaluation of the sonographic characteristics of carotid plaques, two 
patterns can be identified: (1) a homogeneous pattern containing uniform echoes 
corresponding to dense fibrous tissue and (2) a heterogeneous pattern containing mixed 
echoes and anechoic areas that represent intraplaque hemorrhage pathologically. A 
prospective study was conducted of 50 patients to determine the accuracy of identifying 
these different forms of plaque. The patients’ carotid arteries were examined by a high- 
resolution duplex scanner before carotid endarterectomy. The plaques were evaluated 
carefully by vascular surgeons and pathologists for the presence of intraplaque hem- 
orrhage. In this study, the accuracy of identifying the presence or absence of intraplaque 
hemorrhage with sonography was 90% (48 of 54); sensitivity, 94% (17 of 18); and 
specificity, 88% (27 of 31). High-resolution sonography appears to be an accurate means 
of identifying intraplaque hemorrhage and may ultimately be useful in identifying patients 
at risk for embolic disease. 


In the past, the radiologic evaluation of carotid arteries has primarily emphasized 
the identification of flow-limiting lesions with either arteriography, digital vascular 
imaging, or duplex sonographic scanning. Recently, however, attention has been 
directed toward identifying those other patients at risk for stroke who develop 
symptoms as the result of emboli. 

Several vascular surgeons, including Imparato et al. [1, 2] and Lusby et al. [3], 
have reported finding a significant increased incidence of intraplaque hemorrhage 
in the surgical specimens of carotid artery plaque in their symptomatic patients as 
compared with those who were asymptomatic. It is believed that embolization may 
result when intraplaque hemorrhage leads to intimal tears in the vessel lining, 
initiation of the clotting cascade, and thrombus formation over the tear. Considering 
then that intraplaque hemorrhage may be the precursor to embolic phenomenon, 
it would be of great value to be able noninvasively to diagnose accurately the 
presence of intraplaque hemorrhage in carotid plaque. Reilly et al. [4] haye shown 
that there are two patterns of plaque that can be sonographically separated, a 
homogeneous and a heterogeneous pattern. We undertook the present study to 
determine if we could systematically separate these two forms of plaque and 
accurately determine which of our patients’ carotid arteries contained intraplaque 
hemorrhage. 


Subjects and Methods 


A prospective study was begun in April 1984 in which the carotid plaque of all patients 
who had duplex carotid evaluations was characterized into one of three categories: homo- 
geneous, heterogeneous, or indeterminant. Homogeneous plaque was classified sonograph- 
ically as a uniform echo pattern most commonly consisting of low-level echoes (fig. 1). The 
surface margin of the plaque was always smooth. In contrast, the echo pattern of heteroge- 
neous plaque was complex in nature and most notably contained focal anechoic areas (figs. 
2-4). The presence of calcifications was ignored and was not used in classifying the plaque 
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A 


Fig. 1.—Homogeneous plaque. Transverse (A) and longitudinal (B) sono- 
grams through internal carotid artery using 7.5 MHz transducer show typica: 
homogeneous plaque. Outer vessel wall (arrows). Echoes are uniform, and 





(unless the calcifications obscured adequate evaluation). The indeter- 
minate classification was used to describe plaque in those patients 
we could not satisfactorily evaluate. These studies were performed 
in the sonography section of the Department of Radiology using 
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there is no evidence of anechoic areas. C, Corresponding transverse pathologic 
specimen. Dense laminated fibrous connective tissue with no evidence of 
hemorrhage. 


Fig. 2.—Heterogeneous plaque. Transverse (A) 
and longitudinal (B) 10 MHz high-resolution sono- 
grams show heterogeneous plaque. Outer vessel 
wall (large arrows). Markers denote inner vessel 
wall. Anechoic areas are intermixed within echo- 
genic plaque (small arrows). Presence of calcifica- 
tions is ignored in this classification and does not 
place plaque in heterogeneous pattern. C, Corre- 
sponding pathologic specimens show subintimal 
hemorrhage (arrows). 


either a 7.5 or 10 MHz transducer as part of a complete duplex 
carotid sonographic evaluation. To evaluate the plaque, patients were 
scanned in the transverse, longitudinal, and oblique planes. Those 
patients who after having sonographic evaluations went on to have 
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Fig. 2 —Minimal heterogenecus plaque. Trans- 
verse (A) and longitudinal (B) 7.6 MHz sonograms 
through internal carotid artery show minimal heter- 
Ogemeous plaque (small arrows). On pathologic 
evaluation, plaque was found tc represent slitlike 
foci of hemorrhage. Outer vessel wall (/arge ar- 
rows). Plaque has irregular margin. 


Fig. 4.—Large intraplaque hemorrhage. Trans- 
verse (A) and longitudinal (B) sonograms of internal 
carotid artery show large anechoic areas (small 
arrows) indicative of intraplaque hemorrhage. A 7.5 
MHz transducer was used. Plaque has irregular 
surface. Outer vessel wall (large arrows). 


a carotid endarterectomy were entered into our study. This report 
describes the first consecutive 50 patients who had surgery. En bloc 
endarterectomy was performed when possible. At the time of surgery, 
our vascular surgeons classified the lesions by gross morphology as 
to the presence or absence of hemorrhage and ulceration. The 
surgical specimens were then carefully evaluated for gross and 
microscopic evidence of intrapkaque hemorrhage. Soft cylinders of 
atheromateus plaques and cacified atheromatous plaques, after 
decalcification, were sectioned horizontally so that the degree of 
luminal compromise, the character of the intima, and the varying 
degrees of plaque thickening and distortion could be evaluated. The 
changes seen were generally combinations of laminated fibrous con- 
nective tissue, irregular pale masses of calcified material, and slitlike 
or massive intraplaque hemorrnages. The larger the hemorrhagic 
area, the greater appeared its likelihood of elevation and disruption 
of the intima. Intimal disruption was usually associated with clot 
formation, roughening, and luminal compromise. Microscopically, in- 
timal thickening caused by fibros s, histiocytic infiltration, calcification, 
and hemorrhage constituted the predominant changes. Calcified 
masses appeared as acellular, roughly circular masses of pale-stain- 
ing debris. The surgeons and pathologists were unaware of the 
sonographic classification of the carotid plaque. 


CHARACTERIZATION OF CAROTID PLAQUE 
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Results 


The carotid plaques of 50 patients were prospectively 
evaluated by radiologists, surgeons, and pathologists. Four 
patients (8%) in our study group were classified as indeter- 
minate because of either lack of patient Cooperation (one 
patient) or the presence of significant calcifications (three 
patients) that obscured the carotid bifurcation. Seven patients 
had bilateral carotid endarterectomies. A total of 53 carotid 
plaques were evaluated and classified into the two categories: 
32 plaques were classified as homogeneous and 21 plaques 
as heterogeneous (table 1). On evaluation by the pathologist, 
18 of the plaques contained evidence of intraplaque hemor- 
rhage and 35 plaques did not. Four patients (false positives) 
were identified as heterogeneous, but neither the pathologist 
nor the surgeon identified intraplaque hemorrhage. Three 
(75%) of these four patients had significant nodular calcifica- 
tion in the media. No other unusual unifying pathologic fea- 
tures were evident. No significant lipid deposits were identi- 
fied. One carotid plaque classified as homogeneous did, on 
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TABLE 1: Sonographic Characteristics of Carotid Plaques 
EINE 8 a I Et RE ee ge Se? 











No. of Cases 
Homogeneous Heterogeneous 
Pathologic findings: 
Intraplaque hemorrhage ........ 1 ty 
No intraplaque hemorrhage... .. . 31 4 
HOPED G sin $230. 5.0c. a pae eee Se 42 32 21 
Symptoms: 
Transient ischemic attack ....... 10 9 
Asymptomatic bruit ........... 11 6 
Cardiovascular accident in past . . . 2 1 
Screening ............00005. 3 0 
Syncope, dizziness ........... 3 1 
WORD E Sot, E E 29 17 
CRCGIALIONS o a Rae es 0 Ff 


evaluation by the pathologist, contain intraplaque hemorrhage 
(false negative), however, this hemorrhage was not seen 
grossly and was microscopic in nature. Hemorrhage within 
the plaque varied from microscopic, slitlike foci of fresh hem- 
orrhage with no appreciable changes in the configuration of 
the plaque to massive, older hemorrhage with separation of 
the varying plaque components, elevation and disruption of 
the intima, and clot formation. Older hemorrhages could be 
identified easily because of disruption of the red blood cells 
and formation of cholesterol clefts. Varying degrees of periph- 
eral organization by ingrowth of connective tissue elements 
assured that these hemorrhages were not perioperative. It 
must be admitted, however, that any hemorrhage, whether 
Small or large, composed only of fresh red blood cells, with 
no evidence of organization, could have occurred periopera- 
tively. 

Chi-square analysis was used to compare the actual inci- 
dence of intraplaque hemorrhage found at surgery in patients 
Classified as having homogeneous or heterogeneous plaques 
as assessed by sonography. The incidence of hemorrhage in 
patients with heterogeneous plaque of 17 (81%) of 21 patients 
was significantly greater than the one (3%) in 33 patients with 
homogeneous plaque (Chi-square, 1 df = 42.57; p < 0.005). 
The sensitivity of identifying intraplaque hemorrhage was 94% 
(17 of 18); specificity, 88% (27 of 31); and accuracy, 90% (48 
of 53). 

There was no difference in the two groups of plaque relative 
to age. The average age of patients with homogeneous 
plaque was 66.7 years (range, 46-84); with heterogeneous 
plaque, 69.4 years (range, 58-84). More men had homoge- 
neous plaque than had heterogeneous plaque (19 and seven 
patients, respectively), but there was no significant difference 
in the type of plaque in female patients (10 each). However, 
it should be emphasized that our numbers in each group are 
small. In regard to symptoms (table 1), although 56% of the 
heterogeneous group presented with transient ischemic at- 
tacks (TIAs), in actual numbers more patients with homoge- 
neous plaque presented with this complaint. Of interest, 
nearly twice as many patients with homogeneous plaque 
presented with asymptomatic bruits than did patients with 
heterogeneous plaque. 
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TABLE 2: Findings in Patients Who Had Both Sonography and 
Bilateral Endarterectomy 





Sonographic Finding: Surgical-Pathologic Finding oe 
Both sides heterogeneous: 
Intraplaque hemorrhage on both sides ............ 3 
Intraplaque hemorrhage on one side only .......... 1 
Both sides homogeneous: 
No evidence of intraplaque hemorrhage on either side . 2 


One side heterogeneous, one side homogeneous: 
No evidence of intraplaque hemorrhage on either side . 


1 
POR 030 26. it poe aar Bhs eds Bs Deng ake ee ait Fá 


Of the seven patients who had bilateral endarterectomies, 
six (86%) were found to have similar plaque on both sides: 
three patients had heterogeneous plaque on each side and 
three had bilateral homogeneous plaque (table 2). 

Seven patients were found at surgery to have ulceration. 
All seven of these patients have been classified sonographi- 
cally as having heterogeneous plaque (table 1). On evaluation 
by the pathologist, all seven had evidence of intraplaque 
hemorrhage. No distinct sonographic characteristics were 
found in this group that could distinguish this subset of 
patients from other patients with heterogemeous plaque and 
no ulceration. 


Discussion 


Duplex sonography of the carotid arteries has been found 
to be an accurate means of evaluating the carotid bifurcations 
[5, 6]. Most attention has previously been directed at identi- 
fying flow-limiting stenoses. Recently, however, considerable 
Study has been directed at evaluating other causes of stroke, 
such as embolic disease. Imparato et al. [2] have shown in a 
prospective study of the gross morphology of 376 carotid 
plaques that “hemorrhage is the only gross characteristic that 
can be identified as significantly more frequent in all sympto- 
matic as compared to all asymptomatic plaques.” Intraplaque 
hemorrhage is implicated as playing a major role in the pro- 
duction of an embolic phenomenon. The atheromatous plaque 
may be the site of thrombus formation with subsequent 
embolization of a part of the thrombus through mechanical 
disruption. Bleeding into an atheromatous plaque can result 
in disruption of the smooth intimal surface with the initiation 
of the clotting cascade. The resulting thrombus material can 
either be lost as an embolus or organized into the wall of the 
artery, further compromising the lumen and probably setting 
the stage for subsequent plaque hemorrhage. Reilly et al. [4] 
found that sonography could be used as a means of detecting 
intraplaque hemorrhage in carotid vessels with an accuracy 
of 82%, sensitivity of 91%, and specificity of 65%. In their 
patients, symptoms also appeared to be related to the iden- 
tification of heterogeneous plaque. 

In our study, we have been able to identify the presence or 
absence of intraplaque hemorrhage with a 90% accuracy, 
94% sensitivity, and 88% specificity. Our favorable results as 
compared with Reilly et al. may relate to greater physician 
involvement in the sonographic characterization of the plaque 
or, more likely, improvements in instrumentation. On many 
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occasions, it was difficult to characterize the plaque merely 
by looking at the hard copy. A definitive evaluation was made 
after directly scanning the patient. 

it is interesting to note that in our study the heterogeneous 
group had only a slightly greater incidence of symptoms (65%) 
than did the homogeneous group (52%). In fact, there was 
nearly an equal number of patients with TIAs in both groups. 
This may be related to the fact that in our study only 40% of 
the patients had heterogeneous plaque, in comparison with 
Reilly et al. in which 72% of the plaque was classified as 
heterogeneous. More important, this is probably related to 
the fact that all of the patients in our study were sent to 
surgery because of flow-restricting lesions, as assessed by 
sonography and confirmed by either digital vascular imaging 
or arteriography. To really determine if patients with hetero- 
geneous plaque or intraplaque hemorrhage had a greater risk 
for emboli resulting in symptoms, a study must be conducted 
on patients with heterogeneous plaque who did not have 
hemocynamically significant lesions. We are currently involved 
in such a prospective stucy. It is interesting to note that nearly 
twice the number of patiznts with asymptomatic bruits had 
homogeneous plaque as compared with the heterogeneous 
form. 

All our cases of ulcerated plaque were found to occur in 
those with a heterogeneous pattern, although no specific 
findings could distinguish these groups. Another interesting 
observation was that in our small group of patients who had 
bilateral endarterectomies, 86% had the same type of plaque 
on both sides. This would suggest that very careful evaluation 
should be made of those carotid plaques with dissimilar 
patterns. 
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In summary, it appears that at the present time we can 
begin to sonographically characterize carotid plaque with a 
high degree of accuracy. We can separate a homogeneous 
pattern corresponding to dense fibrous connective tissue from 
a heterogeneous pattern associated with the pathologic pres- 
ence of intraplaque hemorrhage. Since it appears that the 
presence of intraplaque hemorrhage has an etiologic role in 
the production of an embolic phenomenon, high-resolution 
sonography may in time play a major role in the identification 
of patients with increased risk of developing embolic disease. 
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Peritrigonal Echogenic 
“Blush” on Cranial 
Sonography: Pathologic 
Correlates 





Cranial sonography in neonates almost always reveals a hyperechoic “blush” just 
posterior and superior to the ventricular trigones on parasagittal views. Ths normal 
increased echogenicity resembles fine brush strokes. It is probably caused by the 
interface of numerous parallel fibers that are nearly perpendicular to the lorgitudinal 
axis of a sonographic beam passing through the anterior fontanelle. The same echo- 
genicity is not seen on sonograms obtained through the posterior fontanelle because 
with that angulation the long axis of the sonographic beam and the fiber tracts are 
nearly parallel. Sonographic-pathologic correlation in 28 autopsy cases showed that 
abnormal, dense, globular, coarse, peritrigonal echogenicity was due to periventricular 
leukomalacia with hemorrhage. Cases with nonhemorrhagic periventricular leukomalacia 
or perinatal telencephalic leukoencephalopathy demonstrated the normal peritrigonal 
hyperechogenicity. 


Recently, many articles on periventricular leukomalacia (PVL), an abnormality of 
the neonatal brain that has been discussed previously mainly in the pathologic 
literature, have appeared in the sonographic literature. We undertook a sono- 
graphic—pathologic correlative study to determine the nature of the commonly seen 
sonographic peritrigonal echogenic blush and to differentiate it from PVL, with or 
without hemorrhage, which occurs in the same region of the brain. 

We began with two premises: The periventricular region is usually fine’y hyper- 
echoic [1], and it is especially so posterolateral to the ventricular trigones (peritrig- 
onal) on parasagittal sonographic scans obtained through the anterior fontanelle 
[2] (fig. 1). In an autopsy series where 88% of the dead, high-risk infants had 
pathologic proof of PVL, the involved areas always included the same peritrigonal 
region [3]. 

We wished to answer these questions: Is the commonly seen hyperechoic 
periventricular blush related to PVL? If not, is it related to myelin, hemorrhage, 
scanning artifact, blood vessels, or nerve fiber tracts? Can PVL be differentiated 
from normal brain on sonography? 


Materials and Methods 


We reviewed the cranial sonograms of 203 consecutive neonates and infants over a 1- 
year period, specifically looking for the peritrigonal, hyperechoic blush. All infants were 
scanned through the anterior fontanelle with sector real-time units equipped with transducers 
of 5.0, 6.0, or 7.5 MHz. We also reviewed 68 consecutive autopsies on live-born infants who 
died under 2 months of age and noted the prevalence of PVL in this group. In addition, cranial 
sonograms that were available on any of these autopsy patients as well as on any of the 
next year’s 79 consecutive autopsies on similar live-born infants were reviewed (28 cases). 
We classified the peritrigonal echoes as absent, fine, or coarse. Fine, flame-shaped, peritrig- 
onal echogenicity with poorly defined borders and the appearance of fine brush strokes was 
considered normal (figs. 1 and 2); globular, blotchy, coarse echoes with more defimed edges 
were defined as abnormal (fig. 3). 
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Fig. 1.—A, Parasagittal sonogram (7.5 
MHz) through antericr fontanelle of a 26- 
week estimated gestational age (EGA) 
infant. Normal, fine. peritrigonal echo- 
genic blush (arrows). w = lateral ventricle; 
t = thalamus; c = moroid plexus; A = 
anterior. B, Parasagitzal section of normal 
brain from 40-week ESA infant. Brain was 
sectioned to match usual parasagittal 
sonographic section (A). Arrows outline 
site of peritrigonal emogenic blush seen 
on sonography. Radial orientation of peri- 























A | B 


Fig. 2.—A, Left parasagittal sonogram (7.5 MHz) through anterior fontanelle. 
Prominent but normal, fine, hyperechoic peritrigonal blush (arrows). Birth weight 
= 750 g; EGA = 26 weeks. A = anterior; t = thalamus; c = glomus of choroid 
plexus. B, Coronal brain section of infant in A at levels of left trigone (a) and 


The brains of the 28 infants who during these 2 years had had 
recent cranial sonograms before death and/or postmortem sono- 
grams within 6 hr of death (four patients) were carefully reexamined 
microscopically without knowledge of the sonographic findings. Sec- 
tions 10 um thick of frontal white matter dorsolateral to the lateral 
horns at the levels of the rostral basal ganglia, of the foramina of 
Monro, and of the midthalami were examined, as was the parietooc- 
cipital white matter dorsolateral to the trigones and back to the 
occipital horns. Sections were stained with hematoxylin and eosin 
and luxol fast blue (for myelin). We noted the presence of PVL, 
perinatal telencephalic leukoencephalopathy (PTL) (a form of gener- 
alized white-matter damage that may be an early prenecrotic form of 
PVL [4, 5]), parenchymal hemorrhage, myelin, and germinal matrix 
and intraventricular hemorrhage. 

In contrast to another autopsy correlation study [6], we looked at 


ventricular blood vessels is seen. A = 
anterior; V = trigone of lateral ventricle; t 
= thalamus; af = approximate site of 
anterior fontanelle; pf = approximate site 
of posterior fontanelle. 


bodies of lateral ventricles (b). Peritrigonal region (short arrows) is normal. 
Bilateral grade 1 germinal layer hemorrhage (g) and cavum septi pellucidi are 
seen (/ong arrow). 


infants dying at less than 2 months after birth. Our interest was in 
trying to distinguish the hyperechogenic, precavitary stage of PVL 
from the normal peritrigonal hyperechoic blush, and we wanted to be 
able to correlate the neuropathologic sections with recent sonograms. 

Infants, some of whom were not part of the autoosy series, were 
scanned while power output and time gain compensation settings on 
the scanner were changed to see how this affected the appearance 
of the peritrigonal blush. Some infants were also scanned through 
the posterior fontanelle. 


Results 


Review of the cranial sonograms on 203 consecutive in- 
fants revealed that 159 patients had had adequate views of 
the peritrigonal region. Their mean estimated cestational age 
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Fig. 3—A, Right parasagittal sono- 
gram (7.5 MHz) through anterio- fonta- 
nelle. Abnormal, coarse, globular hyper- 
echorc peritrigonal echoes (arrows). EGA 
= 35 weeks. t = thalamus; c = glomus of 
choreid plexus. B, Coronal section at level 
of trigones of infant in A, who died 1 day 
after somography. Peritrigonal hemor- 
rhages (arrows) in microscopically defined 
areas of PVL were seen in A. 


Fig. 4—Parasagittal sonogram (5.0 
MHz) through anterior (A) and posterior 
(B) fantanelies. Normal, fine, hype-echoic, 
peritigonal blush (arrows) is seen 
through anterior but not posterior fonta- 
nelle. although that area is well demon- 
strated (arrows). A = anterior; c = choroid 
plexus; t = thalamus. 


(EGA) at birth was 32 weeks, and their mean total (gestational 
and postnatal) age at the time of scanning was 33 weeks. Of 
these 159 patients, 154 (97%) demonstrated the peritrigonal 
hypereehoic blush. We have no explanation for the lack of a 
hypereehoic blush in the other five patients. The 44 patients 
with poor scans of the peitrigonal region tended to be older 
at the time of scanning, with a mean gestational age of 41 
weeks. This group also included 10 patients between 4 and 
9 months postnatal age. In our series, no patients over 4 
postnatal months had adequate views of the peritrigonal 
region. We have seen exceptions to this since this study was 
completed. However, as a general rule, the peritrigonal region 
is seen less well in the older, more mature infant, probably 
because of the decreasing size of the fontanelle and poorer 
resolution of detailed structures in large heads where lower 
frequency transducers are needed for penetration. 

In one case with a bright but fine peritrigonal echogenicity, 
the blush disappeared when scans were obtained through 
the posterior fontanelle. At pathology, this area was normal. 
In other cases, which were not part of the autopsy series, the 
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normal, fine, prominent blush also disappeared when scanned 
through the posterior fontanelle (fig. 4). In contrast, in a case 
with coarse periventricular hyperechogenicity caused by 
bleeding, the abnormal echoes remained when scanned 
through the posterior fontanelle. Changing the power output 
and TGC curves did change the overall brightness or contrast 
of the normal peritrigonal blush but did not cause it to appear 
or disappear. 

The pathologic prevalence of PVL in 68 consecutive live- 
born infants dying under 2 months of age was 26%. This 
corresponds to other autopsy series cited in the literature [3, 
7-9]. Fifteen (22%) of the 68 autopsied infants had evidence 
of PTL, and 27 (40%) had PVL or PTL or both (only PVL, 12; 
only PTL, nine; both, six). As high as these percentages are 
in our autopsy cases for 1 year, they are markedly below the 
almost uniform (97%) prevalence of the hyperechoic periven- 
tricular blush seen with sonography. 

In 28 autopsy cases, sonographic-neuropathologic corre- 
lation was possible (table 1). In only one case was peritrigonal 
hemorrhage present without PVL or PTL. In that case the 


1070 


TABLE 1: Peritrigonal Echogenic Blush on Sonography: 
Autopsy Correlation 














Periventricular Sonographic Appearance 
Leukomalacia on 
Autopsy Coarse Fine 
Absent.......... 0 14 (HEM, 1*; PTL, 3) 
i) oo pee 5 (HEM, 5) 8 (HEM, 4) 
[| E 6t 22 





Note.—HEM = hemorrhage; PTL = perinatal telencephalic leukoencephalopathy. 

* Hemorrhage was microscopic. 

t Includes one infant for whom pathologic sections through the trigone were unavailable. 
PTL was present anteriorly and posteriorly. 


hemorrhage was microscopic and petechial; the infant was 
25 weeks EGA and died at 1/2 days. Germinal layer hemor- 
rhage without intraventricular extension was present, and the 
sonogram showed a normal, fine peritrigonal echogenic blush. 
In the other nine peritrigonal hemorrhage cases, the hemor- 
rhage accompanied PVL. The hemorrhage was either pete- 
chial, small, or large, but always within areas of necrosis. In 
no case was there a frank hematoma. Four of the nine cases 
with PVL and hemorrhage had normal-appearing peritrigonal 
echogenic blushes with petechial or small hemorrhages. In 
two of those four cases, the sonograms were obtained on 
the day of death. In one case, it was obtained on the day 
before, and in the other case 2 days before death. Hemor- 
rhages may have occurred after the sonograms were ob- 
tained. In five cases with peritrigonal PVL and hemorrhage, 
the peritrigonal hyperechoic blush was coarse and irregular 
(fig. 3). Peritrigonal hemorrhages were petechial or small in 
three cases and large in two. No normal patient or patient 
with PVL without hemorrhage had this irregular hyperechoic 
pattern. 

Four patients with peritrigonal PVL without hemorrhage 
had a normal peritrigonal hyperechoic blush. Three cases had 
PTL without PVL. Normal, fine, increased peritrigonal echoes 
were present in these three cases. In none of the 28 cases 
was myelin present microscopically in this region. Thus, mye- 
linization is not the cause of the normal periventricular blush. 
In two cases, the germinal layer, usually limited at birth to the 
subependymal region over the head and body of the caudate 
nuclei, did extend out into the periventricular white matter but 
without hemorrhage. 

Germinal layer or intraventricular hemorrhage was present 
at autopsy in nine (53%) of the 17 cases with evidence of 
PVL or PTL (three had the coarse peritrigonal echoes) and in 
six (54.5%) of the 11 cases with no evidence of PVL or PTL 
(54.5%) (fig. 2B). The mean postnatal age at death and the 
mean EGA for the six cases with the coarse peritrigonal 
echoes was 5 days and 35 weeks, respectively. The mean 
EGA for the patients with fine peritrigonal echoes was 32.4 
weeks. The mean age at death for that group was 2.4 days, 
excluding five cases between 21 and 35 days at death. 


Discussion 


The peritrigonal echogenic blush, appearing on parasagittal 
sonograms as a grouping of fine, linear densities—almost like 
brush strokes—is virtually always present on cranial sono- 
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grams of premature babies (figs. 1 and 2). This was true in 
our series and in that of Grant et al. [1], who reviewed the 
sonograms of 180 premature neonates less than 33 weeks 
gestational age. Further, this sonographic finding was much 
less common in the older infants that we studied. We hypoth- 
esize that there are normal or abnormal factors, probably 
anatomic, which are peculiar to the immature brain and cause 
this appearance. Coincident with our review of pathologic 
material from autopsies of premature neonates was the pub- 
lication of several papers that reported the sonographic ap- 
pearance of PVL [6, 10-24]. Thus, we became interested in 
answering three questions: What causes the peritrigonal 
blush? Is the echogenic blush related to PVL? Is there a 
difference in the appearance of the blush between those 
infants with and without PVL? 

The tendency for neonates to develop multiple small foci of 
necrosis in the periventricular region has been noted by 
neuropathologists for some time [25]; this was termed PVL 
by Banker and Larroche [7] in 1962. The propensity for these 
lesions to be peritrigonal in location has been attributed to 
the effects of hypotension and subsequent ischemia in the 
periventricular watershed region, an endarterial zone of per- 
fusion [26]. It has also been recognized that severe hypoxic 
insult can produce large confluent areas of damage, which 
extend through white matter [8] and may be hemorrhagic 
[9]. This has been termed hemorrhagic PVL. In one autopsy 
series, however, 75% of PVL cases were without hemorrhage 
[9]. 

Gilles and Murphy [4] identified another type of injury to 
neonatal white matter that is characterized by the presence 
of hypertrophic astrocytes and proteinaceous amphophilic 
globular deposits. As the damage is more diffuse than PVL, 
does not necessarily include necrosis, and has been associ- 
ated with prior exposure to endotoxins from Gram-negative 
bacteria, this entity was termed perinatal telencephalic leu- 
koencephalopathy. 

In most cases, the increased peritrigonal echogenicity is 
normal, but separating normal from abnormal is not always 
easy. The peritrigonal hyperechogenicity is so common that 
in one series [23] the authors chose to igmore it and only 
considered anterior hyperechogenicity superolateral to the 
external angles of the lateral ventricles at the level of the 
foramina of Monro as abnormal. Our incidence of PVL or PTL 
was not sufficiently high to account for the almost constantly 
noted peritrigonal echogenic blush. Correlation of autopsy 
and sonographic findings in the 28 children who underwent 
cranial sonography and autopsy showed that peritrigonal 
echogenic blushes were found in cases both with and without 
PVL or PTL. Yet, no case with normal peritrigonal brain 
sections had the course, globular, bright peritrigonal echoes. 
Five of those six cases with coarse peritrigonal echoes had 
pathologic sections of the peritrigonal region available. In all 
five, PVL with hemorrhage into the areas of necrosis without 
frank hematoma was present (fig. 3). In one series [21], 
surviving infants with small, linear, intraparenchymal, periven- 
tricular echoes extending a few millimeters imto white matter 
had no or mild neurologic deficits, which was in contradistinc- 
tion to the infants with large, globular, dense echoes. All 
survivors had moderate to severe neurologic deficits, and at 
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neuropathology, hemorrhegic infarction was present in those 
regions-of the brain. 

In another autopsy series [23], four of seven infants who 
died had increased periventricular echoes, although at the 
level of the foramina of Monro. Two of these four had PVL, 
but two did not (one was completely normal). Increased 
echogenicity in what was “hought to be nonhemorrhagic PVL 
has been reported [14, 16, 17]. The possibility that such 
hyperechogenicity was due to edema [19] or venous conges- 
tion [12] was raised. PVL is actually a periventricular infarct, 
and ore author prefers to call it such [25]. The earliest 
changes are microscopic. Secondary bleeding into the in- 
farcted brain can vary from microscopic perivascular, to pe- 
techial. to linear streaky hemorrhage, and to large hemor- 
rhages. which are more common in infants with a bleeding 
diathesis [9]. 

Cavitation with the appearance of small periventricular 
cysts can occur in 2-4 weeks [25]. At that stage the sono- 
graphic diagnosis of PVL is much easier. Our infants with 
PVL albdied within 10 postnatal days except for one who died 
at 27 cays and was last imaged at 23 days. No peritrigonal 
cysts were detected in our series. 

The usual fine blush is rot caused by white-matter damage, 
myelin. or hemorrhage. Also, extension of germinal matrix 
into this region occurrec in only two of 28 cases, and is 
therefore not the cause. Although no venous congestion was 
noted, that or edema as a cause for peritrigonal echoes 
cannot be completely excluded. 

The dest explanation for the fine, hyperechoic peritrigonal 
blush is a consequence of the orientation of normal fiber 
tracts and their accompanying vasculature in the brain (fig. 
1B). The beautiful specimens prepared by Gluhbegovic and 
Williams [27] graphically demonstrate the orientation of nor- 
mal fiber tracts between cerebral cortex and diencephalon 
(fig. 5). The regular, almost parallel fibers would provide 
multiple interfaces to a perpendicular sonographic beam, es- 
pecially within the gelatinous, less echogenic, watery neonatal 
brain. Because almost all cranial sonograms are obtained 
through the window prov ded by the anterior fontanelle, fibers 
in the area superior and posterior to the trigone would be 
perpendicular to the interrogating sonographic beam. The 
fibers anterior to the genu of the corpus callosum are likewise 
perpendicular to the bean, and a similar blush is often seen 
there. In those areas, the acoustic interfaces are maximal, 
the beam is best focused and the echogenic blush is greatest. 

in patients whose scnograms through both fontanelles 
were possible, the peritrgonal echogenic blush was evident 
only on scans through tre anterior fontanelle (fig. 4A). When 
the parietooccipital aree is scanned through the posterior 
fontanelle, the fibers are oriented parallel to the interrogating 
sonographic beam and the blush disappears (fig. 4B). 

As infants age, the blush is less evident. The anterior 
fontarelle closes and the brain enlarges, making adequate 
demonstration of the peritrigonal area difficult. Also, myelina- 
tion, cecreasing water content, and especially the developing 
convoiutions probably play a role in changing the sonographic 
appeerance of the brain. 

in summary, our material indicates that the fine, symmetric, 
peritrigonal, echogenic blush is present on sonograms of 
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Fig. 5.—Sagittal section of normal brain shows radiating fiber tracts. F = 
frontal lobe; af = approximate location of anterior fontanelle; pf = approximate 
location of posterior fontanelle; peritrigonal region (arrowheads); c = caudate 
nucleus. (Reprinted from [27)). 


most, if not all, premature infants. It is probably related to the 
normal anatomy of fiber tracts and accompanying vascula- 
ture. Infants with this fine linear pattern of echogenicity may 
or may not have PVL. Coarse blotchy, periventricular echo- 
genicity should be considered an abnormal finding, which 
correlated highly in our series with PVL and hemorrhage. 
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in the following pages, the Case of the Day offerings at the American Roentgen 
Ray Society meeting, April 13-18 in Washington, DC, are presented. The radi- 
ographs shown there and carried in the March issue of the AJA are reproduced 
m together with further illustrations and explanatory comments. White this Is the work 
of several individuals, the American Roentgen Ray Society offers its most sincere 
thanks and appreciation to Marvin L. Hinke M.D. of the University of Wisconsin for 
assembling the chest, abdominal, musculoskeletal, and neuroradiology cases of 
the day. The work involved is considerable, and the AJR is grateful to Dr. Hinke 
and his colleagues for their cooperation in bringing these educational experiences 
to our readers. 
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Abdominal Case of the Day 


Bhaskara K. Rao,' Kathleen A. Scanlan, and Marvin L. Hinke 


Case 1: Sacral Agenesis with Crossed Fused Renal 
Ectopia (Caudal Regression Syndrome) 


A 3232-g full-term infant was delivered to an insulin-de- 
pendent diabetic mother who was closely controlled during 
her pregnancy. The maternal grandmother's twin sibling re- 
portedly was born “without legs” and died shortly after birth. 

At birth, the legs were abducted and externally rotated with 
contractures at the knees. Small feet with equinus deformity 
were noted. Deep tendon reflexes of the lower extremities 
were absent, and there were no spontaneous movements of 
the lower extremities. 

Initial films demonstrated hypoplastic lumbar vertebrae with 
a butterfly vertebra at L3. L4 and L5 as well as the sacral 
elements were absent. The innominate bones were fused in 
the midline. The acetabulae were not well formed. These bony 
findings were again demonstrated on a 1¥2-hr film from an 
excretory urogram at the age of 2 years (Fig. 1C). 

Constant urinary dribbling was noted at 7 months of age. 
The blood urea nitrogen was 8 and the creatinine 0.5. A renal 





Fig. 1.—Case 1: Sacral agenesis with crossed fused renal ectopia (caudal regression syndrome). A 
and B, Longitudinal sonograms of right flank at age 2 years demonstrate hydronephrosis with two 
distinct renal pelves (arrows). C, Excretory urogram 11⁄2 hr after injection of contrast material demon- 
Strates right crossed fused extopia with hydroureteronephrosis. Hypoplasia of lumbar vertebrae, sacral 


agenesis, and fusion of innominate bones are also well demonstrated. 


scan demonstrated that the right kidney received 93% of total 
blood flow. Subsequent sonographic examination showed no 
evidence of renal tissue in the left flank or pelvis. A hydrone- 
phrotic right kidney with two distinct renal pelves was identi- 
fied (Figs. 1A and 1B). In addition, the bladder was elongated 
and thick walled consistent with a hypertrophied neurogenic 
bladder. The infant was placed on Furadantin for urinary 
bacterial suppression. 

Cystoscopy at a later date demonstrated the urethral orifice 
entering the ventral wall of the vagina. A right ureteral orifice 
was identified inserting ectopically at the bladder neck. A 
patulous left ureteral orifice was identified. A voiding cysto- 
urethrogram demonstrated grade 3 left vesicoureteral reflux. 
(The left ureter drained the lower pole of a right-crossed fused 
ectopic kidney.) 

A follow-up excretory urogram at age 2 again demonstrated 
right-crossed fused ectopia with hydroureteronephrosis (Fig. 
1C). Two dilated renal pelves were identified on the concurrent 
sonographic examination (Fig. 1B). 

Duhamel [1] first described anorectal, renal, and sacral 
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anomalies as the “syndrome of caudal regression.” Agenesis 
of the sacrum, a rare spinal malformation, is the central 
component of the syndrome. The association can be ex- 
plained in part by the simultaneous development of these 
structures in utero during the fifth through seventh weeks of 
gestation. 

A wide variety of osseous abnormalities have been de- 
scribed. In about one-third of cases, the entire sacrum is 
absent. One or more segments are present in the rest. Several 
segments may be unilaterally absent, in which case a myelo- 
meningocele may be asscciated [2]. A low sacral unilateral or 
central defect may also 2e associated with hereditary pre- 
sacral teratoma [3]. With complete sacral agenesis (with or 
without lumbar agenesis), the ilia may be fused in the midline, 
as in this case, or may articulate with each other below the 
last vertebral segment. They may also articulate with the 
lowest-vertebral body [2] 

The neurologic deficit does not necessarily correlate with 
the level or severity of osseous abnormality. Usually the motor 
nerve deficit is more pronounced than the sensory deficit 
[4]. Flexion contractures of the hips and knees are common, 
with hip dislocation present in about 18% [5]. A foot deformity 
is present in about 50% [2]. Gastrointestinal and genitourinary 
anomalies are also frequently associated. 

Urography and cystography are essential, as all patients 
with absence of more than one sacral segment usually have 
neurogenic bladder dysfunction. This is often caused by fail- 
ure of normal development of the second, third, and fourth 
sacral nerve roots [6, 7]. However, either upper or lower 
motor lesions can occur. Mixed lesions are also possible. 
There is a high incidence of vesicoureteral reflux associated, 
and anal sphincter dysfunction may also be present [4]. 

Reported upper-tract anomalies include congenital hydro- 
nephrosis, duplication of the collecting system, renal agenesis 
[4], and renal ectopia [8]. Other reported anomalies include 
pelvic “cake” kidney with a single ureter [9], bilateral single 
ectopic ureters with unilateral renal agenesis, and a case of 
megaloureter due to a ureteric valve [1 0]. 

The syndrome of caudal regression occurs more commonly 
in the infants of insulin-dependent diabetic mothers. About 
1% of infants born to these women are affected, and up to 
19% of patients with tre syndrome are children of insulin- 
dependent mothers [11.. There is no definite evidence that 
either gestational diabezes or diabetes controlled with oral 
hypoglycemics carries an increased risk of this malformation 
[12]. 

The teratogenic mechanism in diabetes is not known. Sug- 
gested factors include both hyper- and hypoglycemia, vas- 
cular disease, hypoxia, ketone and amino acid abnormalities, 
glycosylation of proteins, and hormone imbalances [12]. 

In some cases, monozygotic twinning has apparently been 
responsible for the caudal regression syndrome [13]. 

Radiologic workup in suspected sacral agenesis should 
include excretory urography and/or abdominal sonography as 
well as voiding cystography. In infants, overlying gas and 
stool can prevent adequate sacral evaluation, making lateral 
views valuable. CT is helpful to demonstrate the relationship 
of the lumbosacral elements to the pelvic bones. Flexion and 
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extension films to determine vertebral-pelvic stability should 
also be obtained [14]. Myelography may be indicated in the 
case of paraaxial sacral hypoplasia to rule out an associated 
anterior sacral meningocele [2]. 

The diagnosis of sacral agenesis can be overlooked or 
delayed, particularly when the symptoms are urologic. Eval- 
uation in these cases is sometimes delayed until difficulties 
with toilet training are encountered. Early recognition is es- 
sential in order to protect the upper urinary tracts from 
deterioration due to reflux and chronic infection. Urologic and 
orthopedic management can be tailored to meet the unique 
needs of the individual patient after complete physical and 
radiographic evaluation. 

Kathleen A. Scanlan 
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Case 2: Carcinoma of the Urachus 


A 39-year-old man was found to have microscopic hema- 
turia during routine physical and laboratory examination. Con- 
trast-enhanced CT showed a cystic mass between the blad- 
der and the abdominal wall (Fig. 2). The mass contained a 
speck of calcification. 

An irregular cystic midline mass adherent to dome of urinary 
bladder with nodular thickening of its walls and calcification 
strongly suggest the diagnosis of a carcinoma of the urachus. 
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Fig. 2.—Case 2: Carcinoma of urachus. CT scans through pelvis (10 mm 
thick, 2.6 cm apart) after oral and IV drip administration of contrast material. 
Irregular, 7 x 5 cm cystic mass on midline between dome of bladder and 
abdominal wall. Juxtavesical mass is of water density and has thick, irregular 


An infected urachal cyst and carcinoma in a bladder divertic- 
ulum are the other possibilities. Occasionally it is difficult to 
distinguish an infected urachal cyst from a urachal carcinoma 
[1]. The presence of hematuria, mural nodularity, and calcifi- 
cation and the lack of inflammatory change in adjacent tissues 
favor the diagnosis of urachal carcinoma. Because of the 
absence of communication between the mass and bladder 
lumen through a neck and absence of an intraluminal tumor, 
carcinoma in a bladder diverticulum is less likely. 

In an embryo, the urinary bladder develops from ventral 
cloaca and is continuous cephalad with the allantois. During 
16-20 weeks of gestation, the allantois regresses and its 
lumen obliterates totally, leaving a 3- to 5-cm-long fibrous 
cord—the urachus. The urachus extends in midline from 
umbilicus to the bladder apex in the cave of Retzius. At 
autopsy, microscopic urachal remnants were found in 3% 
[2]. Failure to completely obliterate the lumen of the urachus 
results in the following abnormalities: (1) patent urachus (ves- 
icocutaneous fistula); (2) umbilical-urachal sinus due to pa- 
tency of the lumen cephalad; (3) vesicourachal diverticulum 
due to obliteration of the lumen cephalad; and (4) urachal cyst 
due to partial patency. Urachal anomalies are rare and, except 
for carcinoma, are seen in childhood. Infection is the most 
common complication of a urachal anomaly [2]. 

Carcinoma of the urachus is extremely rare. It accounts for 
0.34% of bladder carcinomas and 0.01% of all malignancies 
[3, 4]. The sites of carcinoma were juxta- or intravesical 
(90%), at the middle (6%), and near the umbilical end (4%) of 
the urachus [2]. Around 70%-80% of lesions were seen in 
adult men aged 40-70 years [5]. Only one case in a 15-year- 
old was reported to date [4]. Of reported lesions, 90% were 
mucin-secreting adenocarcinomas, others being transitional, 
Squamous, or anaplastic type [2]. Clinically, 70% of patients 
presented with hematuria [6]. Other features include dysuria, 
frequency, abdominal pain, umbilical discharge of mucoid 
material, and a palpable suprapubic mass. In one series, the 
mass was disproportionately large for the intravesical lesion 
in 30% [7]. Passage of mucoid material in the urine, though 
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wall posteriorly. Mass deforms and adheres to anterosuperior wall of bladder 
apex, and contains speck of calcification (arrow). Fat plenes between mass 
and adjacent small bowel loops and abdominal wall are normal. 


characteristic, was found in only 10% [6, 8]. Pain radiographs 
were of limited diagnostic value [9]. Calcification in a su- 
pravesical mass was seen in only 4%. In 18% urograms were 
normal, while the bladder dome was deformed in 11.5% and 
a ureter was displaced in 11% [2]. During Cystoscopy, dis- 
charge of mucoid material with suprapubic pressure was 
considered a pathognomonic finding [7]. Extended partial 
cystectomy is the treatment of choice. Local recurrence oc- 
curred in 30% after surgery [2]. Local invasion and metastasis 
to regional lymph nodes, lungs, bone, liver, skin, and brain 
resulted in a 5-year survival of 6.5%-15% [5] 

In summary, a cystic tumor at dome of urinery bladder with 
Calcification in a patient with mucoid material cr blood in urine 
is to be considered urachal in origin unless prcven otherwise. 

Bnaskara K. Rao 
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Fig. 3.—Case 3: Portal phlebitis with gas and pancreatic pseudocyst infil- 
trating spleen. A and B, Noncontrast images 3 cm apart above umbilicus level. 
C and Ð, Scans 5 cm apart after IV infusion of contrast material. Fluid in 
subdiapnragmatic, hepatorenal, and anterior pararenal spaces. Large cyst in 


9 Taylor GD, McRae CU. Carcinoma of the urachus: report of four 
cases and review of the literature. NZ Med J 1978;87 : 384-386 


Case 3: Portal Phlebitis with Gas and Pancreatic 
Pseucocyst Infiltrating Spleen 


A 27-year-old male chronic alcohol abuser was brought to 
the emergency room in s1ock. He had sustained blunt trauma 
to the abdomen 2 weeks earlier and was managed conserv- 
atively. CT with and without contrast material was performed. 
Postcontrast scans revealed gas in the portal venous system 
and a pancreatic pseudocyst infiltrating the spleen (Fig. 3). At 
surgery, extensive necrotizing enterocolitis and splenic infil- 
tration by a large, infected pancreatic pseudocyst were seen. 
The patient died within 24 hr after CT and surgical excision 
of the infarcted bowel. An autopsy confirmed the CT and 
surgical findings of portal phlebitis with gas. 

Recognition of gas in portal venous branches on plain 
radiographs, CT, and scnograms is extremely important be- 
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lesser sac with irregular hypodense area in spleen, suggesting splenic infiltration 
by cyst. There are sharply branching linear gas shadows extending peripherally 
to edge of liver, a finding typical for gas in portal venous system. 


cause of its ominous prognostic significance. Of the 67 cases 
with gas in portal veins retrievable from the literature, the 
survival rate was less than 25%. None of the patients with 
extensive bowel necrosis survived [1]. The causes for gas in 
portal veins were: bowel infarction (72%), ulcerative colitis 
(8%), intraabdominal abscesses (6%), small bowel obstruction 
(3%), and gastric ulcer (3%) [2-7]. Portal venous air embolism 
was reported after barium colon studies on patients with 
ulcerative and granulomatous colitis [8]. Clinically, 85% of 
patients had distended small bowel and 88% were septic 
[2]. Immediate exploratory laparotomy with excision of in- 
farcted bowel is necessary to improve the chance of survival 
[1]. Only patients with stable ulcerative colitis may not require 
surgical intervention. 

Bhaskara K. Rao 
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Case 4: Hemorrhage in Renal Angiomyolipoma 


A 23-year-old previously healthy woman had sudden onset 
of left flank pain. CT of the abdomen without administration 
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of contrast material revealed a large, fatty, left renal mass 
containing crescents of high-density blood (Fig. 4). The diag- 
nosis of acute hemorrhage in an angiomyolipoma was con- 


firmed histologically after a nephrectomy. 


The low attenuation of the lesion may suggest the presence 


of gas in an infected kidney and the diagnosis of emphyse- 
matous pyelonephritis. However, in the absence of a history 
of diabetes, prior urinary tract infection, or clinical features of 
sepsis, emphysematous pyelonephritis is unlikely. Intrarenal 
liposarcoma and Wilms’ tumor in an adult with lipomatous 
component are the other possibilities. However, these lesions 
are extremely rare and the diagnosis is made mostly by 
histologic examination. 

Angiomyolipomas (AML) represent 1% of all renal tumors 
[1]. AML is a benign hamartoma composed of mature adipose 
cells, blood vessels, and smooth muscle cells arranged in a 
disorganized pattern in varying proportions. About 80% of 
patients with tuberous sclerosis have one or more AML. AMLs 
in tuberous sclerosis patients are usually small, multiple, and 
bilateral [2]. About 20% of patients with AML have stigmata 
of tuberous sclerosis [3]. Sporadic AML (occasionally multiple) 
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Fig. 4.—Case 4: Hemorrhage in renal angiomyolipoma. Unenhanced 10- 
mm-thick scans through midabdomen. Window width and level were manipu- 
lated for B and C to highlight findings. Replacement of left kidney by large fatty 
mass with irregular contour. Loss of normal perirenal fat planes, particularly 
posteriorly. Relatively normal-appearing pararenal spaces. There are irregular 
crescents of high density blood in and around fatty renal mass, findings typical 
for acute hemorrhage in angiomyolipoma. 
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is uSually discovered in middle-aged women. When solitary, 
they may enlarge and become symptomatic. Presenting fea- 
tures of AML with acute 1emorrhage include nonspecific flank 
pain (75%), palpable mess (41%), hematuria (30%), and hy- 
potension (18%) [4]. About 15% of the patients present with 
shock or acute abdomen [5]. Most AMLs are hypervascular 
and may bleed into the tumor itself, into the confines of 
Gerota’s fascia, or even into the pararenal space [6-8]. In the 
pre-CT era, diagnosis was often made at surgery [1]. Fat may 
be visible on plain radographs (10%) but is often noted 
retrospectively [8]. Angiographic findings sometimes are 
highly suggestive but often nonspecific. On angiograms, AML 
and hypernephroma may be indistinguishable [9]. On sono- 
grams, most AMLs are echodense but may show variable 
echogenicity. Presence of a hyperechoic intrarenal mass, 
although suggestive of AML, is not pathognomonic [10]. CT 
findings of AML with or without hemorrhage have been well 
documented [3-8]. CT shows the fat and myomatous com- 
ponent of the tumor, hemorrhage, perirenal extension, and 
venous invasion. The areas of hemorrhage do not enhance 
with contrast material, unlike the myomatous areas. When 
hemorrhage obscures fat, CT may not distinguish an AML 
from other solid renal tumors [3]. 

In summary, an intrarenal fatty tumor with acute bleeding 
in an adult woman should be considered a hemorrhagic AML 
unless proven otherwise. 

Bhaskara K. Rao 
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Chest Case of the Day 


June M. Unger,' Mary Ellen Peters, and Marvin L. Hinke 


Case 1: Plasma Cell Granuloma of the Lung 


A 10-year-old boy had a preoperative chest film for acute 
appendicitis, which demonstrated a 3-cm, round, well defined 
density in the right upper lobe (Fig. 1). Thirteen days after 
surgery he was referred for further evaluation. Physical ex- 
amination, except for the postoperative changes of the ab- 
domen, and laboratory studies were normal; the medical 
history was noncontributory. A right upper lobectomy was 
performed, and pathology demonstrated the lesion to be a 
plasma cell granuloma. Hyperplastic lymph nodes were pres- 
ent in the right hilum. 

Plasma cell granuloma is characterized histologically by a 
benign proliferation of plasma cells, reticuloendothelial cells, 
plasmacytoid cells, and fibroblasts [1]. Fat-filled mononuclear 





A 


L. Hinke, coordinator of the Case of the Day series. 


cells, Russell bodies, lymphocytes, polymormphonuclear leu- 
kocytes, multinucleated cells of histiocytic origin, mast cells, 
eosinophils, and areas of calcification can also be seen. As 
the result of the varied cell population, the lesion has been 
variously called xanthoma, fibroxanthoma, histiocytoma, and 
inflammatory pseudotumor. Bahadori and Liebow [1] favor 
the term plasma cell granuloma because the plasma cell is 
the common denominator. 

Plasma cell granulomas usually present as solitary, round, 
well defined masses measuring 0.5-6 cm in diameter, but 
have been reported to be as large as 36 cm [2]. Less 
commonly, they present as a poorly defined, pneumoniclike 
density or as atelectasis, which is the result of intrabronchial 
involvement or encasement of bronchi [1-3]. Mediastinal 
involvement has also been observed. This is usually second- 
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Fig. 1.—Case 1: Plasma cell granuloma. Posteroanterior (A) and lateral (B) chest films demonstrate 3-cm well defined mass in right upper lobe. 
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ary to direct invasion from the pulmonary process, but primary 
mediastinal plasma cell graruloma has been reported [2-4]. 
As the result of the mediestinal involvement, esophageal, 
superior vena caval, and pu’monary artery and vein obstruc- 
tion have occurred as well as pericardial invasion [2-4]. 

Calcification and cavitation can also be observed [1-3, 5]. 
Multiple masses, bilateral involvement, and lymphadenopathy 
can occur but are uncommon [2, 3, 5, 6]. Pleural effusions 
have not been reported [2, 5]. 

Plasma cell granulomas have been reported from age 13 
months to 73 years [1, 2]. In Bahadori and Liebow’s series 
[1], 40% occurred in the age group 20 and younger, and they 
found it to be the most common “primary tumor-like mass" 
in the age group 16 and younger. Most are asymptomatic 
and are found on routine radiographs. If symptoms are pres- 
ent, the most common is cough; other symptoms include 
hemoptysis, fever, weight loss, pain, and shortness of breath 
[1, 2]. A 13-month-old has been reported to have died as the 
result of occlusion of the trachea by a plasma cell granuloma 
[1]. Clubbing, which has resolved with resection of the mass, 
has also been observed [1]. In 5%-10% of the cases, a 
history of pneumonia is obzained [1, 5]. Laboratory data are 
usually normal but elevated white blood cell count, immuno- 
globulins, and sedimentation rate as well as anemia have 
been reported [1, 2]. 

The usual and accepted treatment is excision. One patient 
has been reported to have had recurrence after enucleation 
of the mass, which was then treated successfully with lobec- 
tomy [2]. With extensive involvement not amenable to sur- 
gery, radiation therapy has been used [3, 4]. 

The pathogenesis of plasma cell granuloma is uncertain. 
Infectious origin and an immune-mediated cause have been 
suggested but not proven [1-3]. 

The radiographic differer tial diagnosis of a pulmonary mass 
in a child includes round pneumonia, granuloma, metastasis, 
sarcoma, blastoma, lymphoma, arteriovenous malformation, 
hamartoma, bronchogenic cyst, sequestration, hydatid cyst, 
and lipoid pneumonia. The case of an asymptomatic patient 
with no significant medical history and normal laboratory 
values help in making the diagnosis of plasma cell granuloma. 

Mary Ellen Peters 
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Case 2: Eosinophilic Granuloma (Histiocytosis X) 


A 29-year-old woman complained of forehead pain and 
nasal congestion. Her medical history revealed surgery for 
removal of painful osteomas from the pelvis (1975) and left 
frontal sinus (1982). She had been otherwise well except for 
a single episode of acute wheezing in May 1983. This was 
associated with an upper respiratory infection and responded 
to treatment with bronchodilators. A chest film taken at that 
time was not available for review but had been reported as 
normal. 

Physical examination was unremarkable except for tender- 
ness over the midfrontal sinus area. Paranasal sinus films 
disclosed bilateral maxillary antral mucosal thickening and a 
large area of increased density in the frontal sinus (Fig. 2A). 
She was treated for sinusitis with antihistamines and a topical 
corticosteroid nasal spray. 

She returned for further treatment because of continued 
facial pain. On CT there were changes compatible with bilat- 
eral chronic maxillary sinusitis (Fig. 2B) and a sclerotic density 
in the midfrontal sinus area, in which a small central area of 
soft-tissue density could be recognized (Fig. 2C). This was 
considered to be suggestive of, but not diagnostic of, osteo- 
myelitis. A left frontal sinusotomy and exploration were done. 
A small amount of yellow polypoid tissue was removed and 
biopsies were taken of the bone of the anterior inferior frontal 
sinus wall. 

Pathologic examination of the bone and soft tissue removed 
at surgery disclosed infiltration with lymphocytes, eosinophils, 
and atypical-appearing histiocytes characteristic of eosino- 
philic granuloma (histiocytosis X). Review of the “osteoma” 
removed from the pelvis in 1975 disclosed similar changes. 

About 2 weeks after the frontal sinus surgery, the patient 
developed a cough and low-grade fever. A chest radiograph 
revealed an extensive, bilateral, largely upper lobe nodular 
pattern of parenchymal involvement (Fig. 2D). The appear- 
ance was considered to be compatible with pulmonary histio- 
cytosis X. The patient's symptoms cleared after treatment 
with prednisone. 

The term histiocytosis X was originated by Lichtenstein in 
1953 [1] to describe a multisystem group of diseases that 
includes eosinophilic granuloma, Hand-Schuller-Christian dis- 
ease, and Letterer-Siwe disease. All are histologically similar 
but vary in time of onset, clinical course, and type of involve- 
ment. More recently, convincing evidence has been presented 
[2] that these patients may have an underlying immunologic 
abnormality associated with a lack of histamine H2 surface 
receptors on T-lymphocytes, suggestive of a suppressor cell 
deficiency. 

Eosinophilic granuloma is considerably more common in 
Caucasians than blacks and seems to exhibit a predilection 
for young adult males. Although it may be widely dissemi- 
nated, it more frequently occurs in the lungs or bones, or 
both. The disease in bone may herald the lung disease, as in 
this patient, or may manifest itself after presentation in the 
lungs. Clinically patients may be asymptomatic or may have 
cough, dyspnea, fever, fatigue, or weight loss. There may be 
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Fig. 2.—Case 2: Eosinophilic granuloma. A, Caldwell view. Large, centrally 
located area of dense bone (arrows) interposed between pneumatized parts of 
frontal sinus. B, CT scan, maxillary sinus level. Bilateral mucosal thickening 
and sclerotic involvement of maxillary antral walls characteristic of chronic 
sinusitis. C, CT scan, frontal sinus level. Sclerotic mass seen on Caldwell view 
(A) is seen to have central area of decreased density (arrow). Adjacent frontal 
sinuses appear normally pneumatized. D, Posteroanterior chest film. Extensive 
parenchymal disease, primarily nodular in appearance. Lung involvement is 
more pronounced in upper lung fields. 


a mild peripheral eosinophilia. Pneumothorax occurs in about 
25% of patients. 

Pathologically the pulmonary lesions consist of clumps of 
histiocytes that infiltrate alveolar septa, bronchiolar walls, and 
the periarteriole interstitium. Coalescence of the histiocytes 
results in the creation of noncaseating granulomas of variable 
size up to 1.5 cm. Giant cells, eosinophils, and a variety of 
other white cells may be present. A relatively specific diag- 
nostic feature of the disease is pentalaminar organelles or X 
bodies, which can be demonstrated by electron microscopy 
in the Langerhan’s cells of these patients [3]. 

The radiographic changes parallel the histologic stages of 
the disease. The earliest pulmonary manifestation is one of 
hazy opacification of the lung parenchyma, which corre- 
sponds to filling of air spaces with histiocytes and inflamma- 
tory cells. Since patients are usually asymptomatic during this 
phase, these radiographic changes are seldom seen. 

The intermediate phase, which is the usual pattern encoun- 
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tered and the one exhibited by this patient, consists of wide- 
spread nodularity, more extensive in the upper lung zones. 
Pathologically there is interstitial involvement with giant cells, 
histiocytes, a variety of white cells, and granulomatous le- 
sions. The later stages show a progression to a reticular 
nodular pattern and, finally, a coarse reticular pattern com- 
patible with honeycombing [4, 5]. Small cysts form, which 
may rupture and produce a pneumothorax. Advanced fibrosis 
is seen histologically. 

The bone changes of eosinophilic granuloma are painful 
inflammatory lesions that often occur in the skull, not uncom- 
monly in the orbital part of the frontal bone [6] and may be 
Clinically mistaken for osteomyelitis or tuberculosis. The lesion 
expands bone and consists of histiocytes, eosinophils, and 
giant cells arranged around cholesterol crystals. 

Radiographically the most commonly seen bone lesions are 
lytic with sclerotic borders. The influx of leukocytes, especially 
eosinophils, may, however, incite an inflammatory reaction 
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that can simulate the sclerosis seen in bacterial osteomyelitis 
[7], as seen in this patient. 
June M. Unger 
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Case 3: Pulmonary Lymphangiomyomatosis 


A 43-year-old woman was initially seen in 1975 because of 
complaints of increasing shortness of breath and exertional 
dyspnea. She had no history of smoking, industrial exposure, 
or previous pulmonary disease and there was no family history 
of similar problems. Physical examination and laboratory stud- 
ies, with the exception of arterial blood gasses, were normal. 
The PAo; was 40; PACo», 26; and ph, 7.49. 

A chest film revealed a generalized coarse reticulonodular 
pattern that appeared somewhat more prominent at the lung 
bases (Fig. 3A). Histiocytosis X, sarcoidosis, and other gran- 
ulomatous diseases were considered. A biopsy of the right 
lower lobe was initially considered to be compatible with 
hypersensitivity interstitial lung disease. After review of the 
specimen, however, it was determined that the proliferation 
in the peribronchiolar and interstitial tissues was due to 
smooth muscle and not histiocytic as originally thought, and 
the diagnosis was changed to leiomyomatosis, hamartoma- 
tous type (pulmonary lymohangiomyomatosis variant). She 
was discharged on prednisone. Six months later she was 
readmitted because of left chest pain and increased shortness 
of breath. A chest film revealed a left pneumothorax and 
increased prominence of tre reticulonodular pattern (Fig. 3B). 
After reexpansion of the left lung, the patient was discharged 
and continued on prednisone. 

She was readmitted 9 months later because of increasing 
dyspnea and orthopnea. In the interim she had manifested 
progressive decrease in lung capacity, FEV;, and diffusion 
capacity. Her exertional dyspnea had increased, she had 
recurrent pneumothoraces, and she had developed a cough 
productive of blood-tinged sputum. 

Arterial blood gases on & L of nasal oxygen were abnormal 
with a PAo, of 50, PAcO2 of 59, and ph of 7.27. A chest film 
disclosed progression in the generalized coarse reticulonod- 
ular pattern and linear scarring, presumably related to the 
previous pneumothoraces (fig. 3C). The lungs were hyperex- 
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panded. An increase in cardiac size and vascular prominence 
was considered to be consistent with the clinical diagnosis of 
congestive cardiac failure. She responded to diuretics and 
was discharged. She was regarded as permanently disabled 
from a respiratory standpoint, and her prognosis was believed 
to be grave. 

Pulmonary lymphangiomyomatosis (synonyms: pulmonary 
myomatosis, intrathoracic angiomyomatous hyperplasia, pul- 
monary leiomyosarcoma, lymphangiomatous malformation, 
and lymphangiopericytoma [1]) as originally described is char- 
acterized by progressive proliferation of smooth muscle in the 
pleura, alveolar septa, bronchial walls, pulmonary vessels, 
and lymphatics. Similar changes may be present in the pos- 
terior mediastinal and retroperitoneal lymph nodes [2]. Multi- 
ple pulmonary cysts develop, each measuring a few millime- 
ters in diameter, with walls formed of smooth muscle cells 
and bronchiolar epithelium. Narrowing of the smaller bronchi 
by muscle within their walls leads to focal emphysema. This 
is accompanied by mismatching of ventilation and perfusion, 
a widening alveolar arterial oxygen gradient, hypoxemia, and 
hypercapnia [3]. Vascular occlusion from muscle infiltration 
predisposes to pulmonary hemorrhage and interstitial hemo- 
siderosis. Obliteration of lymphatics, lymph nodes, and the 
thoracic duct can lead to the production of chylous effusions. 

The pulmonary changes are histologically and radiographi- 
cally identical to those of tuberous sclerosis. Tuberous scle- 
rosis, however, is an inherited disorder with multiple systemic 
manifestations. Seen predominantly in childhood, it carries a 
75% mortality before the age of 20. Pulmonary lymphangiom- 
yomatosis occurs exclusively in women aged 17-47, and 
there is no familial incidence. 

The radiographic pattern of lymphangiomyomatosis is also 
indistinguishable from that of diffuse interstitial fibrosis. The 
parenchymal pattern is coarsely reticulonodular in type and 
although usually generalized, may have a predilection for the 
lung bases [1]. Progression to honeycombing and cyst for- 
mation occurs, with spontaneous cyst rupture producing 
pneumothorax. Chylous pleural effusions may be present, 
with or without lung involvement. 

Treatment with steroids and radio- and chemotherapy have 
shown little if any effect on the progress of the disease. Some 
success has been reported with the use of progestational 
and antiestrogen agents [4], and oophorectomy [5]. 

June M. Unger 
Mary Ellen Peters 
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Fig. 3.—Case 3: Pulmonary lymphangiomyomatosis. Posteroanterior chest 
films. A, Generalized, coarse reticulonodular pattern, somewhat more promi- 
nent at lung bases. B, About 6 months later. Massive left pneumothorax. 
Disease in right lung is more pronounced than on previous film. C, After another 
21 months. Increase in lung volume. Progression of reticulonodular pattern to 
honeycombing has occurred in certain areas, particularly in lower lung fields. 
There is bilateral linear scarring. Mild cardiomegaly, vascular prominence, and 
small pleural effusions were related to congestive heart failure and improved 
after treatment with diuretics. 
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Fig. 4.—Case 4: Adult respiratory distress syndrome (ARDS) secondary to 
blastomycosis. A, Posteroanterior chest film. Bilateral patchy pneumonia, more 
marked on left, with numerous air bronchograms. Opaque left base was thought 
to represent either pleural effusion or focal consolidation. B, Bedside antero- 
posterior chest film 5 days later. Early changes of ARDS with widespread air- 
space involvement. Appearance is similar to that seen with cardiogenic edema, 
but heart size remains within normal limits. C, Bedside anteroposterior chest 


Case 4: Adult Respiratory Distress Syndrome Secondary 
to North American Blastomycosis 


A 38-year-old man from northern Wisconsin was trans- 
ferred from another hospital where he had been admitted 
because of cough, low-grade fever, and bloody sputum, and 
treated for pneumonia, whicn proved antibiotic resistant. As 
his pulmonary functions became worse, endotracheal intu- 
bation and ventilatory assistance became necessary. 

Physical examination revealed an essentially healthy-ap- 
pearing 84-kg man, despite the endotracheal tube, fever of 
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film 1 month after B. Widespread parenchymal infiltrates have changed in 
appearance and now appear somewhat reticular and bubbly, compatible with 
development of interstitial change. There is pronounced subcutaneous emphy- 
sema. There may be minimal basilar effusion on left. D, Posteroanterior chest 
film 1 month after C. Marked fibrosis with parenchymal contraction has oc- 
curred. Bullous changes are present at both lung apices and bases. Pleural 
fluid or thickening obliterates costophrenic sulci. 


39°C, and pulse of 110 beats/min. Both lungs were dull to 
percussion and there were diffuse loud rhonchi and coarse 
rales bilaterally. The rest of the examination was normal. 
Laboratory studies disclosed a hematocrit of 37.5%, plate- 
let count of 658,000/mm‘%, white blood cell count of 15,800, 
prothrombin time of 15.3 sec, and a normal partial thrombo- 
plastin time. Serum electrolytes (Na, K, Cl-, H-CO3) were 
normal. Arterial pH and blood gasses (with mechanical venti- 
lation) were within the normal range. Sputum examination 
revealed numerous polymorphonuclear cells but no orga- 
nisms. A chest film disclosed bilateral patchy parenchymal 
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opacification, most marked in the left lower lobe, and a 
possible left pleural effusion (Fig. 4A). The heart size was 
normal. 

Shortly after admission an open biopsy of the left lung 
revealed heavy colonization with Blastomyces dermatitides. 
There was no evidence of bacterial infection, and treatment 
with intravenous amphotericin B was initiated. His subsequent 
hospital course was extraordinarily complicated but summar- 
ily marked by the rapid onset of severe respiratory failure, 
characterized by hypoxemia, widespread air-space consoli- 
dation (Fig. 4B), and high airway pressures consistent with 
adult respiratory distress syndrome (ARDS). Bilateral pneu- 
mothoraces, the assumed sequelae of respirator-induced in- 
terstitial emphysema, persisted despite treatment with chest 
tubes. A chest film 1 month later disclosed diffuse lung 
abnormalities with a pattern both reticular and bubbly [1] (Fig. 
4C). His clinical course also included intermittent fevers and 
bacterial infections, which responded to appropriate antibiot- 
ics. Before discharge, his chest film demonstrated severe 
pulmonary fibrosis and multiple bullae (Fig. 4D). Although his 
pulmonary function studies remained markedly abnormal, he 
was occasionally able to be off the ventilator for 10-15 min 
periods. 

ARDS, as described by Petty and Ashbaugh in 1971 [2], is 
characterized by the rapid onset of severe dyspnea, hypox- 
emia, increased lung stiffness, and widespread air-space con- 
solidation. It carries a mortality of 50% or more. Although the 
precise mechanism is unknown, it is apparent that the clinical 
features of ARDS develop against a background of hypoper- 
fusion and lung injury, either via the airways or circulation. 
Some of the predisposing conditions include hypoperfusion 
of the lung due to shock or hemorrhage, platelet activation, 
pulmonary ischemia due to arteriovenous shunting, toxic fac- 
tors initiated by trauma, surfactant abnormalities, overtrans- 
fusion, and intravascular leukocyte aggregation [3]. Some of 
the hypoperfusion states that have been associated with 
ARDS are both cardiogenic and noncardiogenic shock, 
trauma, viral and bacterial infections, disseminated intravas- 
cular Coagulation, fat and amniotic fluid embolization, aspira- 
tion, near drowning, inhalation of toxic agents, uremia, pan- 
creatitis, oxygen toxicity, narcotic drug abuse, high-altitude 
hypoxia, radiation pneumonitis, and certain drugs [4]. There 
are also several reports of ARDS induced by blastomycosis 
[5-7]. 

Regardless of the cause, the pathologic changes are es- 
sentially identical, with the severity corresponding to the 
duration of pulmonary insufficiency before death. The se- 
quence is as follows [8]: 

1. Up to 12 hr: intraarteriole deposition of fibrin and platelet 
microemboli. 

2. 12-24 hr: onset of interstitial edema with involvement 
of the perivascular interstitium and alveolar walls. 

3. 24-48 hr: capillary congestion, massive interstitial and 
intraalveolar proteinaceous edema and hemorrhage, microa- 
telectasis; widespread destruction of type | alveolar epithelial 
cells. 

4. 5-7 days: extensive hyaline membrane formation lining 
alveoli, alveolar ducts, and sacs; hypertrophy and hyperplasia 
of type II alveolar lining cells; early fibroblastic proliferation 
and deposition of collagen; focal bronchopneumonia. 
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5. 7-14 days: extensive fibroplastic proliferation in inter- 
Stitial and alveolar compartments, collagen deposition and 
fibrosis, bronchopneumonia. 

The radiographic changes correlate well with the pathology 
[1]. There are usually no abnormalities found on the chest 
film during the initial 12-hr period. After this, ARDS is essen- 
tially characterized by an alveolar pattern throughout its 
course [8], with the additional development of recognizable 
interstitial changes after the first week and subsequent pro- 
gression, in the survivors, to marked fibrosis and emphysema 
as the end-stage form of the disease. Throughout the course, 
absence of pleural effusion is considered characteristic and is 
believed to occur only in the presence of a complicating 
pneumonia. 

North American blastomycosis is a fungus infection caused 
by Blastomyces dermatitides, a dimorphic organism that re- 
sides in the soil and is found in wooded areas of the central 
and southeastern United States. It most commonly affects 
middle-aged men and has been related to hunting and the 
use of bird dogs, which have been shown to have a high 
incidence of infection [9]. This patient often hunted with his 
dog in the northern Wisconsin woods, and his hunting com- 
panion also subsequently developed blastomycosis. 

The major target organs are the lungs and skin, although 
other organs and bone may be involved. The radiographic 
finding are nonspecific and consist of acute air-space pneu- 
monia, which is usually nonsegmental, often homogeneous, 
and more often involves the upper lobe [10]. Not uncommonly 
the disease may be manifested as a solitary pulmonary mass, 
but fibronodular disease, miliary patterns, lymphadenopathy, 
and pleural effusions are uncommon. The mortality without 
treatment is 30%; however, treatment with amphotericin B 
greatly improves the prognosis. 

June M. Unger 
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Musculoskeletal Case of the Day 


David R. Fisher’ and Marvin L. Hinke 


Case 1: Hemolymphangionatosis 


A child was noted to have a right anterior upper thigh mass 
since 1 month after birth. During his subsequent growth and 
development, he was delayed in walking and often refused to 
bear weight on his right leg. Iliac crest biopsy performed at 
age 13 months demonstrated massive osteolysis of bone by 
blood vessels and lymphazic channels consistent with he- 
molymphangiomatosis. 

Radiographs of the pelvis at 2 years (Fig. 1A) and at 10 
years, 5 months (Fig. 1B) demonstrated progressive bony 
resorption and deformity of the pelvis and right femur with 
associated osteopenia and distortion of trabecular architec- 
ture. A lymphangiogram at age 22 years demonstrated ab- 
normal contrast pooling in dilated spaces in the right thigh 
consistent with lymphangioma. A distant nonosseous site of 
lymphangiomatous malformation became apparent at age 6 
years, when a massive spontaneous right chylothorax devel- 
oped (Fig. 1C). This chylothorax was treated by serial drain- 
ages and resolved over a period of several months with 
medium-chain triglyceride therapy. When the patient was 1012 
years old, he suffered a pathologic fracture of the right femur. 
Radiographs obtained after this fracture healed (Fig. 1D) 
showed numerous phleboliths in the right upper thigh, identi- 
fying a hemangiomatous component of the vascular malfor- 
mations. Cystic lucencies and deformity of the right femur 
were also evident. 

This patient's condition is most compatible with hemolym- 
phangiomatosis, but Klippel-Trenaunay-Weber syndrome and 
Gorham disease should be considered in the differential di- 
agnosis. Multiple hemangiomas and lymphangiomas of soft 
tissues are present in the Klippel- Trenaunay-Weber syndrome 
but are associated with underlying bony and soft-tissue hy- 
pertrophy [1] not present in this case. In Gorham’s “disap- 
pearing bone disease,” the primary abnormality is localized 
hemangioma with progressive and complete osteolysis con- 
fined to one bone or to cont guous bones, with soft-tissue 
involvement found only adjacent to the bone lesions [1, 2]. 

Lytic and cystic lesions of kone may be seen in hemolym- 
phangiomatosis, a hamartomatous condition most common 
in the first two decades of life with variable proportions of 
lymphangiomatous and hemangiomatous malformations. 


These lesions may be limited in extent or may be systemic, 
with involvement of multiple organ systems in addition to the 
skeleton [2-8]. Intramedullary skeletal lymphangiomas have 
been demonstrated with lymphangiography [9]. When non- 
osseous organ systems are involved, recurrent effusions of 
chylous or serosanguineous fluid (or both) may occur n any 
body space including the pleural spaces, the peritoneum, and 
the pericardium [2, 3, 5, 7, 8]. Serious or fatal complications 
directly related to these fluid accumulations or to chronic 
hypoproteinemia from chronic loss of intravascular fluid have 
been reported [2, 3, 7]. 

Histologically, the osseous lesions of hemolymphang:oma- 
tosis consist of endothelial-lined anastomosing vascular 
channels and spaces that enlarge in the bone marrow and 
gradually cause localized bone destruction, predisposing to 
frequent pathologic fractures [2, 5, 7, 8]. Venolymphatic 
anastomoses and aneurysms have been described, illustrat- 
ing the variable spectrum of hemangiomatous and lymphan- 
giomatous malformation in this condition [2]. 

Clinically, some patients fare well, with limited disease 
extent and no progressive changes. Those patients with 
disseminated and progressive angiomatosis, particularly 
when recurrent ascites or pleural effusions develop, have a 
much poorer prognosis [2, 7]. Pleural sclerotherapy and lo- 
calized radiation therapy to involved areas have had limited 
success [2, 3]. Diets high in medium-chain triglycerides and 
low in long-chain fatty acids may slow but do not always 
completely eliminate the recurrent fluid accumulations [2 . 
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Fig. 1.—Case 1: Hemolymphangio- 
matosis. Anteroposterior radiographs of 
pelvis at age 2 (A) and age 10 years, 5 
months (B). C, Posteroanterior chest film 
at age 6 years demonstrates sponta- 
neous right chylothorax. D, Anteroposter- 
ior film of right femur demonstrates phle- 
boliths. 
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Fig. 2.—Case 2: Primary large cell lymphoma of bone. A, Anteroposterior 
film of right hip. Anteroposterior (B) and lateral (C) radiographs of spine at 
thoracolumbar junction. D, CT scan of pelvis demonstrates permeative right 
acetabular lesion (arrow). 


image of this region confirmed the cortical permeation (Fig. 
2D). Fluid was evident in th2 hip joint on lower sections. No 
pelvic adenopathy was present. The initial clinical and radi- 
ographic impressions were that this represented Ewing's 
sarcoma. A CT examination of the chest was negative for 
metastases or adenopathy. 

A radionuclide bone scan (not shown) demonstrated an 
unsuspected and asymptomatic second lesion involving the 
first lumbar vertebra. Radiocraphs of this area (Figs. 2B and 
2C) demonstrated a similar pattern of permeative destruction 
of this vertebral body with anterior compression deformity 
and apparent sparing of the vertebral pedicles. A CT exami- 
nation of the lumbar spine ‘not shown) demonstrated only 
slight soft-tissue thickening or hematoma around L1. No 
retroperitoneal adenopathy was demonstrated. Open biopsy 
of the right acetabular lesion was performed. Initial evaluation 
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of frozen sections revealed a “small round-cell infiltrate” com- 
patible with either lymphoma or Ewing's sarcoma. Evaluation 
of permanent sections including special staining techniques 
demonstrated pleomorphic nuclear morphology with negative 
PAS staining of the cytoplasm, most consistent with malig- 
nant large-cell lymphoma. The older terminology for this his- 
tology is histiocytic lymphoma by the Rappaport classification 
and, before that, reticulum-cell sarcoma [1]. 

Primary non-Hodgkin lymphoma of bone usually demon- 
strates an aggressive moth-eaten or permeative radiographic 
pattern of bone destruction indistinguishable from that seen 
with Ewing's sarcoma [2]. Well defined foci of geographic 
destruction are rare [2]. Various patterns of periosteal reac- 
tion are often seen and may give clues to the prognosis [2, 
3]. Areas of sclerosis are also sometimes encountered [2, 
3]. Histologically, primary lymphoma of bone is most often 
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characterized as large cell or histiocytic (formerly reticulum- 
cell sarcoma) [1-4]. Simultaneous presentation at multiple 
osseous sites without involvement of other organ systems 
has been reported [1]. When histiocytic lymphoma presents 
in solitary extranodal primary sites, it is often unassociated 
with systemic dissemination and is frequently curable with 
surgery or adequate radiation therapy [1, 4]. 

The radiographic appearance of primary lymphoma of bone 
has been correlated with prognosis and has indicated a poorer 
prognosis for more aggressive lesions, particularly those with 
pathologic fractures, cortical breakthrough, soft-tissue mass, 
or soft-tissue swelling [2]. Multiple lesions, although not con- 
sidered in the analysis by Phillips et al. [2], by inference should 
also have a poorer prognosis as indicated by dissemination 
of disease. In children, particularly, primary lymphoma of bone 
has a tendency toward a very poorly differentiated histology 
with an unfavorable prognosis and multifocal systemic recur- 
rences [3-5]. 
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Case 3: Myositis Ossificans 


A 13-year-old female cross-country runner felt a sensation 
of pulling a muscle during practice. A palpable bony-hard 
mass was noted on physical examination of the posterior left 
calf. Radiographs demonstrated amorphous calcification ad- 
jacent to the fibula extending into the calf muscles. Periosteal 
new bone production and irregularity of the fibular cortex 
suggested a malignant neoplasm (Figs. 3A and 3B). Of partic- 
ular concern to the orthopedic surgeons was the fact that the 
palpable mass was much larger than the radiographically 
demonstrable soft-tissue calcification. 

Because of the suspicion of malignancy, the patient under- 
went contrast-enhanced CT of both legs and magnetic reso- 
nance imaging (MRI) of the left lower leg. The CT section of 
the lower leg below the level of soft-tissue calcification dem- 
onstrated an irregular area of decreased attenuation with 
peripheral enhancement extending posteriorly and medially 
from the fibula into the soleus muscle and demarcated pos- 
teriorly by the fascial plane between the gastrocnemius and 
soleus muscles (Fig. 3C). The deep muscles of the posterior 
compartment of the left calf showed decreased attenuation 
compared with those on the right, consistent with edema. A 
CT section at the level of the calcifications showed the 
ossifications to be denser peripherally (Fig. 3E), a pattern 
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characteristic of myositis ossificans and atypical for ossifying 
neoplasia, which usually demonstrate more central ossifica- 
tion. 

The MRI sagittal sections obtained through the hard pos- 
terior calf mass using T2-weighted imaging demonstrated an 
area of increased signal intensity (Fig. 3D) larger than the area 
of contrast enhancement on CT. This appearance may rep- 
resent organizing hematoma with increased metabolic activity 
due to fibroblast and osteoblast proliferation. 

Surgical exploration and biopsy were performed. The 
impression of the surgeons during the procedure was an 
aggressive neoplasm destroying fibular cortex. Pathologic 
evaluation of the biopsy specimen revealed “organizing hem- 
orrhage with ossification extending into and involving skeletal 
muscle, consistent with myositis ossificans.” No histologic 
evidence of malignancy was detected. The patient has since 
been treated conservatively, with mild residual equinus con- 
tracture of the foot and ankle secondary to the ossification of 
the soleus. Follow-up radiographs 6 months later (not shown) 
revealed continued ossification in a pattern compatible with 
maturing myositis ossificans. 

Myositis ossificans exists in two forms [1, 2]. The first, 
myositis ossificans progressiva, is characterized by progres- 
sive widespread fibrosis followed by ossification in interstitial 
tissue of the muscle, subcutaneous tissue, tendons, and 
ligaments and is often associated with congenital anomalies 
of the fingers and toes [2]. The second, more common form, 
myositis ossificans circumscripta (or traumatica), is charac- 
terized by hemorrhage followed by fibrosis and granulation 
tissue formation [1]. Cartilage may form and lead to enchon- 
dral bone formation; alternatively, the fibrous tissue may 
undergo calcification en masse followed by ossification, with 
osteoblasts arising either in situ possibly from pluripotential 
mesenchymal cells or from adjacent periosteum. Only very 
rarely do sites of myositis ossificans undergo transformation 
into osteosarcomas [1]. 

Pathologically, the site of myositis ossificans circumscripta 
consists of three distinct zones [1-5]. The central zone con- 
tains fibroblasts with hemorrhage and necrosis, correspond- 
ing to the lucent central region seen radiographically and on 
CT examination. A middle zone with numerous osteoblasts 
and immature bone is present around the core. Biopsy of 
these two zones alone can lead to an erroneous histologic 
impression of sarcoma because of the cellular proliferation 
with central hemorrhage and necrosis. The outermost layer 
in myositis ossificans consists of mature bony trabeculae well 
demarcated from surrounding connective tissue. Inclusion of 
viable muscle fibers into the ossifying mass may occur (as 
reported pathologically in this case), and helps to differentiate 
this benign process from sarcomas, which tend to destroy 
the invaded normal tissues [2, 3]. 

The differential diagnosis of early myositis ossificans cir- 
cumscripta would include extraosseous osteosarcoma or 
chondrosarcoma, parosteal osteosarcoma, periosteal osteo- 
sarcoma, and synovial sarcoma. In more mature, peripherally 
ossified myositis ossificans, the lack of continuity of the 
central core of the lesion from the medullary space of adjacent 
bone should exclude osteochondroma [5], while the charac- 
teristic peripheral pattern of ossification seen on CT, plain 


AJR:146, May 1986 MUSCULOSKELETAL CASE OF THE DAY 1091 





Fig. 3.—Case 3: Myositis cssificans. Anteroposterior (A) and lateral (B) D, Surface-coil T2-weighted MR image through posterior left calf. E, CT scan 
radiographs of left lower leg. C, Contrast-enhanced CT scan at level of mass. demonstrates peripheral pattern of soft-tissue ossification in left calf (arrow). 
radiographs, or tomograms should exclude malignant tumors 2. Resnick D, Niwayama G. Diagnosis of bone and joint disorders: 
[3, 4]. The role of MRI in evaluating myositis ossificans is as with emphasis on articular abnormalities. Philadelphia: Saunders, 
yet unclear, but most likely it would be of value in assessing 1981:3152-3159 
the maturity of the ossification process in the soft tissues 3. Amendola MA, Glazer GM, Agha FP, Francis IR, Weatherbee L, 
before surgical attempts at resection, since recurrences often Martel W. Myositis ossificans circumscripta: computed tomo- 
follow attempted resecticn of immature foci of myositis ossi- graphic diagnosis. Radiology 1983;149:775-779 
ficans. 4. Goldman AB. Myositis ossificans circumscripta: a benigm lesion 

with a malignant differential diagnosis. AJR 1976;126:32-40 
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Fig. 4.—Case 4: Osteoid osteoma. Anteroposterior (A) and lateral (B) radiographs of right elbow. C, Transverse CT scan of right elbow demonstrates lucent 
nidus. D, Specimen radiograph of bone resected from right radial neck contains lucent nidus (arrow). 


Case 4: Osteoid Osteoma of the Right Radial Neck 


A 37-year-old right-handed woman had an 18-month history 
of progressive right elbow pain, initially noted after a change 
of residence involving much packing and unpacking of house- 
hold goods. Erythrocyte sedimentation rate and other labo- 
ratory data obtained at that time were normal. Serial radi- 
ographs of the painful right elbow obtained during the 18 
months were reported as normal. She had been treated with 
a variety of nonsteroidal antiinflammatory drugs for presumed 
lateral epicondylitis, with only moderate relief of symptoms. 

Initial radiographs of the right elbow at our institution dem- 
onstrated localized dense cortical thickening along the lateral 
and dorsal margins of the radial neck (Figs. 4A and 4B). 
Diagnostic considerations at that time included osteoid os- 
teoma, unusual indolent infection, and a stress fracture. The 
chronicity of the symptoms favored an osteoid osteoma, 
although the patient's age was somewhat unusual for this 
diagnosis. 

A CT examination of the right elbow confirmed the presence 
of cortical thickening and demonstrated a small lucent focus 
in the cortex of the radius not visible on the radiographs (Fig. 
4C). This supported the possibility of osteoid osteoma but 
did not completely exclude the possibility of infection. A 
radionuclide bone scan demonstrated very focal intense radio- 
nuclide accumulation in the right proximal radius. 

Open resection of the thickened segment of radial cortex 
was performed. Specimen radiographs confirmed the lucent 
nidus in the resected bone (Fig. 4D), which on histologic 
examination was typical of an osteoid osteoma. 

Osteoid osteoma is a well recognized benign bone tumor 


that most often involves the appendicular skeleton [1]; it less 
commonly involves the spine and axial skeleton (about 10% 
of cases) [2-4]. An osteoid osteoma has not been described 
in the skull, sternum, or clavicles [1, 5]. Lesions occurring in 
the spine may cause scoliosis [1, 3]. About 95% of cases 
occur between the ages of 5 and 15 years, with a male to 
female ratio of about 2:1 [1, 6]. 

Histologically, the typical osteoid osteoma consists of a 
central nidus containing osteoblasts in a vascular fibroblastic 
stroma usually smaller than 1 cm in diameter and surrounded 
by dense sclerotic bone. Multinucleated osteoblasts are only 
infrequently encountered. Variable ossification of the osteo- 
blastic nidus may occur, forming bone centrally within the 
cellular stroma. Malignant transformation of this lesion has 
not been reported [5]. 

The radiographic appearance of osteoid csteomas varies 
with their location. The typical osteoid osteoma causes dense 
sclerosis and periosteal new bone formation when located in 
or near the cortex of long bones [1, 6]. Intramedullary lesions 
tend to cause less reactive bone formation, which may be at 
a distance from the nidus. The cellular nidus of an intramed- 
ullary lesion may be entirely lucent or may have a variably 
ossified central focus [1, 3, 6, 7]. Juxtacortical or parosteal 
osteoid osteomas may cause localized cortical scalloping with 
adjacent sclerosis [1]. Intraarticular osteoid osteomas may 
Cause synovitis and joint effusion, with periosteal reaction 
appearing outside the joint capsule and involving bones on 
both sides of the joint [1, 8]. Although less common than 
lesions in the vertebral arches, vertebral body osteoid osteo- 
mas do occur and have been reported to extend across the 
intervertebral disk space [1, 3, 4]. 
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Treatment of osteoid osteoma consists of en bloc excision. 
When surgical removal is complete, as demonstrated by 
specimen radiography or scintigraphy, these lesions do not 
recur [5, 6]. 

This case is unusual in the age of the patient (37 years) 
and location, as these lesions are most common in the lower 
extremities. The very localized and well organized cortical 
thickening made radiogrephic detection difficult and did not 
allow plain film differentiation from healing stress fracture, 
chronic indolent osteomvelitis, or an unusual osteoblastic 
metastasis [9]. The clinical history and the CT demonstration 
of a lucent nidus favored the correct diagnosis, leading to 
surgical cure. 
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Neuroradiology Case of the Day 


Lanning W. Houston,’ and Marvin L. Hinke 


Case 1: Suprasellar Epidermoid 


An 18-year-old girl had chronic headaches. Coronal mag- 
netic resonance imaging (MRI) showed an epidermoid with 
Signal characteristics the same as those of subcutaneous fat 
on both the partial-saturation T1-weighted (600 msec TR) 
image (Fig. 1A) and the spin-echo T2-weighted (2000 msec 
TR, 120 msec TE) image (Fig. 1B). A coronal image through 
the frontal horns of the lateral ventricles demonstrated that 
the lipid from the epidermoid material extended into the 
ventricular system (Fig. 1C). 

Epidermoids are congenital tumors that result from the 
inclusion of ectodermal germ cell elements during neural tube 
Closing [1-3]. When epidermoids rupture into the subarach- 
noid space, a chemical meningitis results from the irritating 
material. This results in the characteristic symptoms of head- 
aches and seizures. 

The differential diagnosis includes other suprasellar lesions. 





Fig. 1.—Case 1: Suprasellar epidermoid. Coronal MR images show supra- 
sellar epidermoid (E) that has same signal intensity as subcutaneous fat (F). A, 
T1-weighted image (partial saturation with 300 msec TR). Lipid in epidermoid 
has very short T1, which results in high signal in this image. Cerebrospinal fluid 
in ventricles (V) has low signal intensity because of its long T1 and T2. B, T2- 


Cystic suprasellar lesions, such as arachnoid cysts and cra- 
niopharyngiomas, have a high signal intensity on T2-weighted 
images. Dermoid tumors should have a similar MRI appear- 
ance as epidermoid tumors. Dermoids are congenital inclu- 
sions of both mesodermal and ectodermal germ layers that 
occur at the time of neural tube closure. Dermoids usually 
arise at or near the midline in the posterior fossa, suprafrontal 
region, or base of the skull. Dermoids and epicermoids contain 
glandular tissue from hair follicles and sebaceous and apo- 
crine glands. These glands are derived from the mesoderm 
and produce a thick lipid mixture of sebum and sweat. Often, 
differentiation of epidermoids from dermoid tumors cannot be 
done preoperatively, and pathologic confirmation is required. 
Another consideration would be intracranial lipoma. Lipomas 
are asymptomatic and do not rupture. 

Lanning W. Houston 


weighted image (MSE 2000/120). Decrease in signal intensity of epidermoid 
and fat. Because CSF has long T2, there is increase in CSF signal. C, Section 
more anterior than A and B. Same intensity signal in ventricles (arrows) as in 
epidermoid. Patient was imaged in supine position, ard fatty material has 
moved anterior in ventricle because it is lighter than CSF. 








‘ All authors: Department of Radiology, University of Wisconsin Clinical Science Center, 600 Highland Ave., Madison, WI 53792. Cases 1-4 prepared by L. W. 
Houston. Address reprint requests to M. L. Hinke, coordinator of the Case of the Day series. 
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Case 2: Intradural Arachnoid Cyst 


A 55-year-old woman had chronic low back pain. Myelog- 
raphy showed nonfilling of the subarachnoid space at the 
level of T9 on a supine film (Fig. 2A). An erect film showed 
contrast material above an apparent block (Fig. 2B). The 
contrast material did not flow freely inferiorly because of the 
arachnoid cyst. CT scanning after the myelogram showed the 
spinal cord displaced anteriorly by the arachnoid cyst. It was 
not possible to identify the wall of the cyst on the CT scan 
because of communicaticn between the subarachnoid space 
and the cyst. 

Spinal arachnoid cysts are loculations of the subarachnoid 
space lined by arachnoid and collagen tissue [1-4]. As in this 
case, communication with the subarachnoid space through a 
neck is usually present. Causative or contributory factors 
include previous trauma surgery, inflammation, and sub- 
arachnoid hemorrhage. Arachnoid cysts often manifest with 
fluctuating and nonlocalizing clinical symptoms such as par- 
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aparesis, positional pain, and radicular symptoms. Treatment 


is surgical excision. 
Lanning W. Houston 
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Case 3: Foley Catheter Simulating Nasopharyngeal Mass 


A 43-year-old man was being treated for epistaxis. This 
case produced controversy within the department when it 
was proposed for the Case of the Day series and is included 
to emphasize that common devices can simulate esoteric 
lesions. 

A CT scan photographed at soft-tissue window settings 
showed the balloon of the catheter as a well circumscribed, 
low-density sphere in the nasopharynx (Fig. 3A). The scans 
photographed at bone window settings showed parallel lines 
through the nasal cavity representing the opaque catheter 
tubing (Figs. 3B and 3C). Also the part of the catheter taped 
to patient's face was seen. 


Fig. 2.—Case 2: Intradural arachnoid cyst. 
Supine anteroposterior (Aj and upright (B) mye- 
logram films. C, Postmyelogram CT scan through 
T9. A, On supine film, there is nonfilling of sub- 
arachnoid space at level of T9. B, With patient 
upright, there is pooling of metrizamide-filled cere- 
brospinal fluid in arachnoid cyst. Metrizamide 
does not flow freely because of inferior wall of 
arachnoid cyst (arrows). P = residual Pantopaque 
droplets, which do not move freely because of 
arachnoid adhesions. C, Spinal cord (c) displaced 
anteriorly by posterior subarachnoid cyst. Walls 
of cyst are not identified on CT scan. 
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Fig. 3.—Case 3: Foley catheter simulating nasopharyngeal mass. CT scans 
at level of nasopharynx photographed at soft-tissue (A) and bone window 
settings (B and C). (C degraded by patient motion.) Round, fluid-filled Foley 
balloon (B) is seen in nasopharynx. Catheter (arrowheads) is seen in nasal 


The differential diagnosis for cystic midline masses of the 
nasopharynx includes meningoceles and Tornwaldt cysts 
[1]. Meningoceles usually present in children as masses in 
the nasal cavity with bone defects of the skull base. In infants, 
the demonstration of bony defects may be difficult because 
the bony calvaria is largely cartilaginous. The bone defect 
may be in the sphenoid bone or cribiform plate. Metrizamide 
within the subarachnoid space may be used to confirm the 
diagnosis of a meningocele. 

Tornwaldt cysts are remnants of the anterior hypophyseal 
Stalk. The cysts occur in the midline of the nasopharynx or 
Slightly off midline and are usually present in children or young 
adults. Tornwaldt cysts can be differentiated from meningo- 
celes by the absence of bony defects in the base of the skull. 

Epistaxis is a common clinical problem [2, 3]. Risk factors 
include cardiovascular disease and coagulation defects. Oc- 
casionally, epistaxis is due to underlying tumors. Routine 
radiographic evaluation of patients for epistaxis is usually not 
indicated unless the patient has recurrent bleeding episodes 
without known predisposing factors. Epistaxis is treated by 
packing of the anterior or posterior nasal cavity. Packing can 
include gauze material or balloons such as the Stevens bal- 
loon or Foley catheter, as in this case. Occasionally ligature 
of arterial vessels and embolization is required in severe 
cases. 

Lanning W. Houston 
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cavity as parallel opaque lines. Catheter is attached to patient's face (arrows). 
Mottled soft-tissue density in anterior nasal cavity is gauze packing and blood 
clots. 
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Case 4: Chondroma of the Cricoid Cartilage 


A 55-year-old man had difficulty breathing. An anteropos- 
terior radiograph showed a chondroma appearing as a sub- 
mucosal calcified neck mass with cartilaginous matrix (Fig. 
4A). A CT scan demonstrated that the calcified chondroma 
extended into the airway (Fig. 4B). 

Chondromas and chondrosarcomas are rare, accounting 
for less than 1% of all laryngeal neoplasms [1-5]. The distinc- 
tion between chondromas and chondrosarcomas is a histo- 
logic diagnosis that may be difficult, particularly in well differ- 
entiated neoplasms. Often tumors initially reported as chon- 
dromas have recurred as low-grade chondrosarcomas. 

Radiographic examinations are useful, amd coarse calcifi- 
cation is identified on plain films in most cases. CT is useful 
in assessing the tumor’s origin and extension and is more 
sensitive than plain films in identifying the pathognomic calci- 
fications. In the absence of metastasis, radiographic investi- 
gation is unable to differentiate benign chondromas from 
malignant chondrosarcomas. 

On direct laryngoscopy, chondromas are submucosal and 
are covered by intact laryngeal mucosa. The intact mucosa 
was identified on the plain film in this case. Surgery is the 
treatment of choice for laryngeal chondromas/chondrosarco- 
mas. Radio- and chemotherapy have in general been ineffec- 
tive. 

Robert Rosenberg 
University of Wisconsin 
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Fig. 4—Case 4: Chondroma originating from 
cricoid cartilage. A, Anteropostenor plain film shows 
calcified chondroma in lower neck. There is com- 
promise of airway by mass, anc mucosa (arrows) 
is intact over tumor. B, Corresponding CT scan 
shows severe compromise of airway by chondroma 
(C). 
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Letters 





Non-Wilms’ Intravascular Masses in Childhood 


A 15-year-old boy with embryonal carcinoma of the right testis 
recently presented with multiple nodal metastases and an intravas- 
cular mass in the inferior vena cava at the level of the left renal vein. 
A non-Wilms’ intravascular metastasis is most unusual in childhood 
and we would be interested in corresponding about other cases of 
non-Wilms’ intravascular metastases. 

Neil Johnson 

Beverly P. Wood 

University of Rochester Medical Center 
Rochester, New York 14642 


The Gestational Sac and HCG Levels 


In contrast to our original report that described the sonographic 
detection of a normal gestational sac at HCG values only above 
6000-6500 mIU/mI [1], Nyberg et al. [2] report detecting an intra- 
uterine sac in each of 12 women with normal pregnancies who had 
HCG values between 1800 and 6000 mIU/mI. Further experience 
with 211 additional cases enabled us to identify a gestational sac 
below 6000-6500 miU/ml (the discriminatory zone) in only 6 of 89 
women with normal intrauterine pregnancies [3]. This discrepancy 
could certainly be due to the authors’ superior equipment and/or 
expertise, but to some extent it may be more apparent than real. 

We differentiate, albeit qualitatively, between “sacs” and sonolu- 
cent areas. It would be helpful if the authors could tell us if they 
would call a sac the structures we refer to as sonolucent areas. It 
would also be helpful to know how many of the 12 HCG values 
between 1800 and 6000 miU/mI were derived by extrapolation, and 
precisely how these extrapolations were made (graphically or from a 
regression line). We would agree that extrapolation from serial values 
is legitimate, provided that the samples have been timed to span the 
day of the scan, but we would not accept as reliable quantitative 
extrapolations based on single samples and the mean doubling time 
of HCG, since there is wide variation in the doubling time between 
different individuals [4]. 

Our original aim in defining the discriminatory HCG zone was not 
the “earlier identification of an intrauterine pregnancy” as the authors 
state, but rather to provide “an objective yardstick by which to 
recognize when a positive interpretation is possible, and when no 
reliable interpretation can be made. Therefore, we do not agree that 
“any apparent HCG discriminatory zone will most likely be a function 
of current or future sonographic technique or resolution,” since the 
spectrum of findings in pathologic pregnancies are the primary deter- 


minants. For example, we have shown that failure to identify a 
gestational sac when the serum HCG is above the discriminatory 
zone is indicative of an ectopic pregnancy, whereas the presence of 
an intrauterine sac is a reliable indicator of an intrauterine pregnancy. 
lf pseudogestational sacs were consistently associated with HCG 
levels above the zone, or if in missed abortions the sac disintegrated 
before the HCG levels fell, the zone that we have described would 
have no disciminatory value. It is serendipity, not the nature of the 
equipment, that has endowed it with its discriminatory power. 

Nyberg et al., however, have confirmed that the presence of a sac 
below the zone cannot be used to diagnose an abnormality. None- 
theless, the prior probability of an abnormal pregnancy, given the 
presence of a sac, is increased about six-fold if the HCG level is 
below the zone. However, the relative prevalence of the entities 
giving rise to a “sac” makes a normal intrauterine pregnancy the most 
likely cause of one. Therefore, “the discriminatory zone concept is 
limited at low HCG values” only in the sense that it does not allow 
one to reach a specific diagnosis. Such values, however, do tell the 
clinician when he can reliably link a gestational sac with a normal 
pregnancy, which helps prevent the most serious mistakes. This 
“double check” assumes an even greater importance if one labels our 
sonolucent areas as “sacs.” 

Perhaps the best example of a reproducible physiologic parameter 
that has little diagnostic value in early pregnancy complications is the 
mean sac diameter, the use of which the authors seem to endorse 
even though they presented no data from abnormal pregnancies. 
Batzer et al. [5] found that the fetal heart could aiways be detected 
if the mean sac diameter was 30 mm or greater. The authors 
reasoned, erroneously, that the failure to detect a fetal heart when a 
sac had these dimensions was indicative of nonviability. (If A given B 
is true, it does not follow that, not A implies not B). In fact, the 
authors’ own data showed that their proposed criterion had a speci- 
ficity of 100% and a sensitivity of 0%, since none of their cases of 
missed abortion had mean sac diameters as large as 30 mm. 

Nicholas Kadar 

King's College Hospital, Denmark Hill 
London, England 

Roberto Romero 

Yale New Haven Hospital 

New Haven, CT 06510 
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Reply 


We have read with interest the letter you forwarded to us from 
Drs. Kadar and Romero concerning our observations on the relation- 
ship of gestational sac size to the quantitated HCG level [1]. We do 
regret that upon reading our manuscript, these authors found it 
necessary to write such a defensive letter. Despite the differences in 
our data compared with their original article in 1981, we have found 
their concept of combining scnographic information with HCG levels 
to be quite useful. In particular, we certainly do not object to the 
concept of a “discriminatory zone” to define better first-trimester 
obstetric and gynecologic disease. We simply object to placing an 
unalterable numeric value on it. This numeric value will necessarily 
decrease as sonographers gain experience and as equipment per- 
formance improves. 

The results we published in May of 1985 have now been confirmed 
in two subsequent research efforts [2 and Nyberg DA et al., unpub- 
lished data]. These publications will address in detail some of the 
points Drs. Kadar and Romero have raised. 

With regard to the manuscript in question, we are confident that 
the results will stand the test of time and clinical utility. Perhaps other 
investigators interested in this topic will be stimulated by these two 
letters and write the Editor regarding their personal experience. 

Roy A. Filly 

Faye C. Laing 

David A. Nyberg 

University of California, San Francisco 
San Francisco, CA 94143 


REFERENCES 


1. Nyberg DA, Filly RA, Mahony BS, Monroe S, Laing FC, Jeffrey 
RB. Early gestation: correlation of HCG levels and sonographic 
identification. AJR 1985;144:951-954 

2. Nyberg DA, Filly RA, Filho DLD, Laing FC, Mahony BS. Abnormal 
pregnancy: early diagnosis by ultrasound and serum chorionic 
gonadotropin levels. Radiology 1986;158:393-396 


Guide to Abdominal Abscess Drainage 


We read with interest the article by Gibson et al. [1] on '"'-In 
leukocyte scanning as a guide to abdominal drainage in which they 
described the use of '''In-labeled leukocytes in percutaneous catheter 
drainage. In their report, percutaneous drainage of two fluid collec- 
tions was guided by increased radionuclide uptake in those areas. 
While '''In-labeled leukocyte scans have been shown to be highly 
accurate for the detection of abscesses [2], we recently reported a 
potential pitfall in its use in abscess detection [3]. We encountered 
seven cases in which noninfected hematomas masqueraded as ab- 
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scesses by sonography, CT, as well as "'In-labeled white blood cell 

scans. Therefore, we would stress the need to aspirate the suspected 

fluid collection, to get an immediate gram stain and culture, and to 

obtain both red and white cell counts to help distinguish noninfected 
hematomas from abscesses. 

Vivian W. Wing 

Eric vanSonnenberg 

Samuel Kipper 

Michael P. Bieberstein 

University of California, San Francisco 

San Francisco, CA 94110 


REFERENCES 


1. Gibson RN, Halliday A, Keshavarzian A, Yeung E, Lavender JP. 
"In leukocyte scanning as a guide to abdominal abscess drain- 
age. AJR 1985;145:1071-1072 

2. Knochel JQ, Koehler PR, Lee TG, Welch DM. Diagnosis of 
abdominal abscesses with computed tomography, ultrasound, 
and 1111In leukocyte scans. Radiology 1980;137:425-432 

3. Wing VW, vanSonnenberg E, Kipper S, Bierbersteina MP. 
Indium'''-labeled leukocyte localization in hematomas: a pitfall in 
abscess detection. Radiology 1984;152:173-176 


Reply 


Dr. Wing et al. raise two important points relating to the use of 
"In-labeled leukocyte (In-WBC) scanning as a guide to percutaneous 
abscess drainage. 

First, focal uptake on '''In-WBC scanning does not always indicate 
abscess formation and has been reported in a number of diverse 
conditions including noninfected hematomas [1]. This may present 
interpretation difficulties in the postoperative patient, as can the 
phenomenon of '''In-WBC accumulation at the site of uncomplicated 
anastomoses up to 20 days postoperatively [2]. 

Second, an aspirate must be taken from a collection for macro- 
scopic, and if necessary microscopic, examination before proceeding 
to catheter drainage. High density on CT obviously suggests hema- 
toma (as with the three illustrated cases in the series reported by Dr. 
Wing et al.) but resolving hematomas may have similar attenuation 
values to abscesses. Aspiration, therefore, is often required to make 
the differentiation. This can usually be guided by sonography or CT, 
but if there are multiple collections, '''In- WBC scanning may be useful 
in differentiating infected from noninfected collections, thereby allow- 
ing more selective aspiration [3]. 

lt would be interesting to know whether the aspirated blood in Dr. 
Wing's patients contained significant isotope activity because this 
would indicate that the uptake demonstrated on In-WBC scanning 
represented more than merely perihematoma inflammatory reaction. 

Robert N. Gibson 

The Royal Melbourne Hospital 
Victoria, 3050 

Australia. 
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Night Radiology 


| wish to commend Dr. Fries’ article “Night Radiology” that ap- 
peared in your November 1985 issue [1]. It is refreshing to have a 
physician stand up and be counted for what he thinks is right or what 
works for him and his colleagues. 

For some time now radiologists have lived under the threat of 
emergency physicians sending bills to their patients or carriers for 
their (the emergency physicians’) reviews of emergency radiographs. 
Sometimes this is because the radiologist was not available because 
of the time of day or because of other pressing responsibilities. 

The practice of quality and cost-effective medicine requires that all 
diagnostic studies be interpreted by a competent physician and that 
a consultative report be rendered, specifically a radiographic study. 
In the interests of quality radiology there should always be a radiol- 
ogist available within reasonable distance, if not on site, to interpret 
the study and to consult on additional studies as necessary. 

You and your group have obviously expanded your consultative 
service in response to greater need. The cooperative nature of your 
actions should inspire all radiologists to rethink their own coverage 
so that we may all act as the consultants we are and eliminate the 
need for some other physicians to do some of our work and, there- 
fore, assume the right to be paid for it. | urge all readers to refer to 
the ACR policy on emergency radiology [2]. 

Barbara E. Chick 
Glen Falls, NY 12801 
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Mammogram as Therapy 


As a practicing radiologist who spends a good deal of time inter- 
preting mammograms, | recently received a call from a family practi- 
tioner colleague who had just encountered a middle-aged woman 
with a prominent breast mass. Fearing the worst, he scheduled her 
to be seen by a surgeon and requested an urgent mammogram. The 
mammogram was essentially normal, with no mass to be seen. On 
physical examination, the mass was no longer evident, whereas it 
had been eminently palpable immediately before the mammogram, 
just minutes previously. | postulate that the vigorous compression 
used to perform the mammogram ruptured a cyst. Because of this 
occurrence, | believe that mammography deserves to be placed in 
the same category as other “therapeutic” techniques that now fall 
within the realm of the radiologist. 

David R. Pennes 
University of Michigan Medical Center 
Ann Arbor, MI 48109 


Negative Bone Scans of Joints After Aspiration 


In an article published recently [1] the authors conclude that 
aspiration of joints should not be considered a cause of photopenic 
areas. We have encountered such an occurrence in a 2-week-old 
baby with fever, persistent flexion of the right hip, and paronychia. A 
three-phase bone scan was performed to differentiate between septic 
arthritis and osteomyelitis. The initial “flow” and the delayed images 
were negative. However, in the postflow “blood pool” image a round 
photopenic area was detected in the region of the right hip joint (Fig. 
1). The baby had an aspiration of the right hip joint performed 15 min 
before the bone-seeking agent was injected. 

The fact that the photopenic area was not visible on the delayed 
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Fig. 1.—Postflow “blood pool” anterior image of the right hip of 2-week-old 
patient. Note photopenic area (arrow) in region of right hip joint. 


images may be explained either by absorption of the air bubble or by 

the fact that the bubble was in the periarticular soft tissues. With 

time, the radioactivity from the soft tissues has cleared, which makes 
the air bubble indistinguishable from the tissue surrounding it. 

Zvi H. Oster 

Harold L. Atkins 

Schoo! of Medicine, 

Health Sciences Center 

State University of New York 

Stony Brook, NY 11794-8460 


REFERENCE 


1. Traughber PD, Manaster BJ, Murphy K, Alazraki N. Negative 
bone scans of joints after aspiration or arthrography: experimen- 
tal studies. AJR 1986;146:87-91 


Reply 


We thank Drs. Oster and Atkins for their letter presenting an 
interesting case of a photopenic region on the blood pool image of a 
three-phase bone scan in the region of the right hip, in a 2-week-old 
infant, 15 min after joint aspiration. All of the postaspiration and 
postarthrogram bone scans presented in our study [1] were per- 
formed at 24 and 96 hr after the needle aspiration. According to our 
results, we would expect that the baby presented by Oster and 
Atkins would have a normal three-phase bone scan at 24 hr after the 
aspiration. Their hypothesis of an air bubble at 15 min postaspiration 
in the periarticular soft tissues causing the photopenic region seen 
only on the blood pool image is certainly plausible. The fact that the 
delayed bone scans were entirely normal is consistent with the air 
bubble hypothesis and with the findings in our study, (i.e., no indica- 
tion of any bony or inflammatory abnormality). 

Paul Traughber 

B. J. Manaster 

Kevin Murphy 

Naomi Alazraki 
Veterans Administration 
Medical Center 
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and University of Utah Medical Center 
Salt Lake City, UT 84148 
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Method for Determining Arterial Entry Site for 
Catheter 


| would like to bring to the attention of the authors of the letter 

that appeared in the January 1986 issue of the AJR under “Method 

for determining arterial entry site for catheter” [1] that the “lucent 

wall” described is a “fibrin sleeve” around the catheter wall. This was 
described by Dr. K. Amplatz about 15 years ago. 

H. O. Doumanian 

St. Mary Medical Center 

Gary, IN 
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New Balloon Catheter for Percutaneous 
Transluminal Angioplasty 


| read with interest and some confusion the article by Inoue [1] in 
the May 1985 issue of AJR describing a new balloon catheter for 
percutaneous transluminal angioplasty. Several points require inquiry. 

The article began by claiming that “balloon dilatation catheters ... 
may be difficult to accurately position across a lesion. Radiologic 
markers on the drapes, patient's skin, or angiographic table have 
been used ... However, such techniques are impermanent, inaccu- 
rate, and cumbersome.” | concur that the latter three adjectives 
concisely describe the methocs outlined in two of the three referenced 
articles [2, 3] but not in mine }4]. The author includes our localization 
grid for percutaneous transluminal angioplasty in those methods 
found wanting [4]. He has not documented in what manner it was 
found wanting. Certainly it is not “cumbersome” because the thin 
single piece of Lucite-cum-g7id merely lies under the angiography 
table mattress. It is not “impermanent” for the same reason since it 
cannot move and becomes a part of the angiography films, and it is 
not “inaccurate” since the ~.0-cm intervals ideally delineate and 
localize the lesion. Further, in over 700 cases using this grid and the 
standard lead-marked balloon catheters, we have encountered no 
localization problem. 

Dr. Inoue’s technique also Unfortunately seems to violate a cardinal 
tenet of inventiveness, that is, always simplify. He has enumerated 
the “theoretical problems” created by his new balloon: “(1) displaying 
intimal fragments by pulling tre distally inflated balloon through the 
raw, fractured surface of a previously dilated lesion when dilating 
long or closely adjacent stenoses or occlusions; (2) accidental balloon 
rupture; and (3) inability to advance the balloon catheter through 
angulated vessels or a tight stenosis over the small-caliber guide 
wire.” None of these problems has been created by our grid in use 
with the balloon catheters al-eady available and proven in several 
hundred thousand clinical applications. Finally, the key question in a 
cost-conscious American health system might be: What is the per 
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unit cost (or even the research and development cost) of this new 

balloon? If the author had first constructed our grid he would have 

observed it to be reproducible for under $100 and would never have 
been troubled by his “theoretical problems.” 

John H. Mayer 

West Palm Beach, FL 33407 
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Reply 


Although | used some critical words in referring to the conventional 
methods and devices for PTA, including the localization grid used by 
Dr. John H. Mayer [1], my paper in AJR [2] was not meant to discredit 
his procedure per se. | acknowledge that his localization grid is an 
effective aid for PTA in its own right. However, | would like to stress 
here that the new balloon catheter has a number of advantages 
compared with the previous method that resorts to radiologic mark- 
ers. 

The new balloon catheter is self-positioned without any help from 
outside-the-body radiologic markers. Stenotic lesions can be de- 
tected simply by withdrawing the distally inflated balloon working as 
a stopper. Furthermore, | have experienced some cases in which | 
was able to detect unexpected stenotic lesions accompanying the 
original targets. The angiography in anteroposterior projection had 
not revealed them because they were flatly narrowed stenoses. 

The new balloon catheter method is free from the trouble of reading 
markers or adjusting the effects of radiologic parallax. Of course, the 
inaccuracy Caused by the possible shift of the patient on the angio- 
graphic table never occurs during my procedure. During dilatation, 
the position of the catheter, even the short one, can be easily 
maintained across the lesion because of its hourglass shape. 

As to the “theoretical problems” mentioned in my paper, | pointed 
them out as precautions against reckless manipulations with this 
balloon catheter. | have answered in this paper how they can be 
simply and properly solved. 

| believe that the new balloon catheter has essentially simplified 
the procedure of angioplasty. It costs about $20 per unit, hand made 
and if it were produced on a commercial basis, it would not be more 
expensive than the conventional dilating balloon catheter. 

Kanji Inoue 

Kochi Municipal Hospital 
1-7-45 Marunouchi 
Kochi 780, Japan 
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Chest 


Pericardial effusion presenting as an anterior mediastinal mass. 
Schlesinger AE, Fernbach SK (Dept. of Radiology, The Children’s 
Memorial Hospital, 2300 Children’s Plaza, Chicago, IL 60614). Pediatr 
Radio! 16:65-66, Jan 1986 


When the pericardium is opened and not reclosed during surgery, 
it becomes possible for pericardial effusion to extend superior to the 
normal upper reflections of the pericardium, and then present as an 
anterior (or middle) mediastinal mass, as shown by sonography in a 
12-year-old boy with cardiac surgery 18 months earlier. The chest 
radiograph had shown a bilateral anterior mediastinal mass on routine 
follow-up, not present 6 months previously. 


Alan E. Oestreich 


Transesophageal mediastinal sonography. Bonhof JA, Frank K, 
Linhart P (Deutsche Klinik fur Diagnostik Aukammallee 33, Postfach 
2149 D-6200 Wiesbaden, West Germany). Ann Radiol 28(1): 19-20, 
1985 


Transesophageal mediastinal sonography was performed in 37 
patients with a 7-MHz linear-array transducer fixed at the tip of a 
gastroscope. It was possible to visualize large parts of the normal 
heart (atrial chambers, atrioventricular valves, and ventricular outflow 
tract valves) and other mediastinal organs with high resolution. Par- 
aesophageal and paraaortic neoplasms as well as esophageal varices 
could be well identified. The authors believe that this method can add 
valuable information in the evaluation of cardiac and mediastinal 


pathology. 
Joseph Fakhry 


Gastrointestinal System 


Total parenteral nutrition cholestasis: a cause of mechanical 
biliary obstruction. Enzenauer RW, Montrey JS, Barcia PJ, Woods 
J (621 Bunker Hill Road, Clarksville, TN 37042). Pediatrics 76:905- 
907, Dec 1985 


A 1-day-old boy presented with intestinal obstruction due to 
Hirschsprung’s disease. A sigmoid colostomy was performed and 
total parenteral nutrition (TPN) was instituted. As a result of medical 
and surgical complications the TPN was maintained for approximately 
11 weeks at which time he developed signs of obstructive jaundice. 
Exploratory laparotomy revealed thick inspissated bile filling the gall- 
bladder and extrahepatic biliary tree. The gallbladder and biliary tree 
were lavaged and postoperatively the child rapidly returned to normal. 


The authors feel that when mechanical obstruction develops as a 
complication of TPN-associated cholestasis, percutaneous catheter- 
ization and washout of the gallbladder and biliary tree could be 
therapeutic. Also, it is conceivable that intermittent administration of 
parenteral cholecystokinin would help to prevent mechanical obstruc- 
tion. 


Richard B. Towbin 


Percutaneous biopsy of abdominal masses (in Spanish). Casillas 
J, Rosas G. (Dept. of Radiology, U. of Miami Schoo! of Medicine. 
P.O. Box 016960, Miami, FL 33101) Revista Interam de Rad 10:87- 
93, July 1985 


Thin-needle percutaneous biopsy of abdominal masses guided by 
imaging techniques is now a widely accepted method. The increased 
use is related to the combination of clinical and technical advances. 
The importance of discussing the procedure with the patient is 
emphasized. The various general considerations concerning the 
needles to be used and other technical considerations used in differ- 
ent abdominal compartments, as well as the yields-and complications 
are discussed. 


Charles M. Nice, Jr. 


Percutaneous transjejunal biloplasty (in Spanish). Nunez D Jr., 
Russell E, Hutson D (Dept. of Radiology, U. of Miami School of 
Medicine, P.O. Box 016960, Miami, FL 33101). Rev Interam Rad 
10:83-85, July 1985 


Percutaneous transhepatic approach to biliary obstruction is a 
relatively easy procedure when the stenosis is limited to a segment 
of the duct that is easily accessible. However, effective treatment 
may be difficult, or even at times impossible, when there are multiple 
stenoses or when the direction of the catheter does not coincide with 
the orientation of the stenotic segment. Seventeen patients were 
managed by repeated dilatation. Preliminary results indicated that 
this procedure can be successful in maintaining patency and obviate 
the need for permanent drainage by indwelling catheters. 


Charles M. Nice, Jr. 


Real-time ultrasound in Crohn’s disease: characteristic features 
and clinical implications. Dinkel E, Dittrich M, Peters H, Baumann 
H (Dept. of Radiology, University of Freiburg, Hugstetter Str. 55, 
D-7800 Freiburg i. Br., West Germany). Pediatr Radiol 16:8-12, Jan 
1986 

The value of abdominal sonography for Crohn's disease diagnosis 
and follow-up was illustrated in 32 involved children 6-16-years old. 
Indeed, definite pathologic sonographic findings were seen in 28 
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children, 22 of whom showed a bull's eye pattern (thickened sono- 
lucent mantle about dense central echoes) and an elongated tubular 
structure with thickened hypcechoic walls and narrowed lumen with 
bright central echoes. Sixteen demonstrated a conglomerate small 
bowel “tumor” pattern. Other findings included rigid bowel segment, 
prestenotic bowel dilatation, and thickening of the mesentery, as well 
as such complications as abscess (peritoneal or retroperitoneal), liver 
infiltration, renal calculus, inflammatory ureter obstruction, and infil- 
tration of the bladder. The sonographic findings corresponded to the 
course of the disease. Intravenous urography is no longer recom- 
mended when obstructive urapathy is ruled out by sonography. 


Alan E. Oestreich 


Genitourinary System 


Ureteropelvic junction obstruction presenting with recurrent ab- 
dominal pain: diagnosis by ultrasound. Byrne WJ, Arnold WC, 
Stannard MW, Redman JF (Dept. of Pediatrics, University of Michigan 
Medical Center, Room C6105, OPB, Ann Arbor, MI 48109). Pediatrics 
76:934-937, Dec 1985 


Three children presented with recurrent abdominal pain, normal 
physical examination, and laboratory evaluation. Sonography estab- 
lished the correct diagnosis in two. Excretory urography was diag- 
nostic in one. In 90% to 95% of children with recurrent abdominal 
pain no organic etiology is found. When an organic cause is present, 
ureteropelvic junction obstruction is rarely the etiology. Because 
ureteropelvic junction obstruction is rare and abdominal pain is so 
common, routine excretory urography in all these children is unwar- 
ranted. Sonography is recommended as an alternative since it is not 
organ specific and is radiation free. The sonographic examination 
should be performed before contrast radiography. 


Richard B. Towbin 


Spermatic cord torsion: diagnostic limitations. Stoller ML, Kogan 
BA, Hricak H (Dept. of Urology, U-518, University of California, San 
Francisco, CA 94143). Pediatrics 76:929-933, Dec 1985 


Six boys, ranging in age fron 6 to 12 years, presented with acute 
scrotal pain of 3 to 36 hr duration. The nuclear scan or sonographic 
data were misleading in all six children. History, physical examination, 
and urinalysis remained the cornerstone of diagnosis of spermatic 
cord torsion; nuclear and sonographic imaging were helpful adjuncts. 
However, since they are not ~00% sensitive or specific, a negative 
study should not prevent surgical exploration of a clinically suspicious 
lesion. 


Richard B. Towbin 


Muscles and Skeleton 


A comparison of different methods used to diagnose pseudar- 
throsis following posterior spinal fusion for scoliosis. Dawson EG, 
Clader TJ, Basset LW (UCLA School of Medicine, Center for the 
Health Sciences, Los Angeles CA 90024). J Bone Joint Surg 
67A:1153-1159, Oct 1985 


Pseudarthrosis is a recognized complication of posterior spinal 
fusion for scoliosis; its early recognition and repair may prevent loss 
of correction and other complications. The authors compared the 
reliability of plain radiographs in anteroposterior (AP), lateral, and two 
oblique views with the reliabiity of AP tomography using trispiral 
motion. Bone scans were not evaluated in this study. There was a 
96% correlation between pseudarthrosis and AP tomography. There 
was only one false negative and no false positives in 200 studies. 
Although tomography may result in higher radiation exposure than 
plain films, this series was performed with less radiation than the four 
radiographs required, because the tomograms were tightly collimated 
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and gonad and thyroid shields were employed. One-half centimeter 
cuts were used routinely and the entire fusion mass could usually be 
visualized in one or two cuts. Lateral tomography can be useful for 
the evaluation of patients with primary kyphotic deformity, although 
it is not recommended in most patients with scoliosis. 


R. F. Kilcoyne 


Percutaneous trephine bone biopsy of the thoracic spine. Mick 
CA, Zinreich J (The Mary Imogene Bassett Hospital, Cooperstown, 
NY 13326). Spine 10:737-740, Oct 1985 


The authors performed six consecutive percutaneous trephine 
biopsies of the thoracic spine under local anesthesia using CT for 
needle placement. A Craig needle was used in all cases with the 
patient prone on the CT table. Several cores of bone were taken by 
slight alteration of the cannula angle. Conditions diagnosed included 
healing fracture, chronic infection, and plasmocytoma. CT increased 
the accuracy of biopsy and decreased the likelihood of complications. 


R. F. Kilcoyne 


Transverse fracture of the upper sacrum (suicidal jumper’s frac- 
ture). Roy-Camillp R, Saillant G, Gagna G, Mazel C (Orthopaedic and 
Traumatology Dept.; Groupe Hospitalier Pitie Salpetriere; 83, Boule- 
vard de I’Hopital; 75013 Paris, France). Spine 10:838-845, Nov 1985 


Transverse fracture of the upper sacrum results from falls, usually 
associated with suicidal attempts by jumping. The position of the 
lumbar spine in lordosis or kyphosis at the time of impact determines 
which of three types of sacral fractures will result. Awareness of the 
possibility of such injury, especially in the presence of sacral nerve 
deficit, should result in securing good quality radiographic studies. 
Surgical treatment is often required. Thirteen cases of transverse 
fractures of the upper sacrum were found in a 6-year period. These 
fractures are unrecognized because of problems in obtaining good 
radiographs, or because of associated multiple other injuries. An 
experimental study to determine the mechanism of injury was per- 
formed on fresh cadaver specimens. These studies confirmed that 
the position of the lumbar spine at the time of injury determines what 
type of displacement occurs at the sacral fracture site. The authors 
recommend tomography, and more recently CT, for complete evalu- 
ation of these lesions. 


R. F. Kilcoyne 


Isotope scanning with Tc-99m MDP of the spine and the costo- 
sternal junctions of patients with idiopathic scoliosis. Normelli H, 
Lewander R (Depts. of Orthopaedic Surgery and Diagnostic Radiol- 
ogy, Huddinge University Hospital, S-141 86 Huddinge, Sweden). 
Acta Radiol [Diagn] 26:397-401, 1985 


Bone scanning of the thoracolumbar spine and bony thorax was 
performed on seven girls with recently diagnosed progressive, idi- 
opathic thoracic scoliosis. The findings were compared with those of 
a group of eight patients who underwent bone scanning for other 
reasons. In all seven girls with scoliosis, the isotope uptake in the 
vertex vertebra of the scoliotic curvature and in the two vertebrae 
above and below was homogeneous, with no focal areas of abnor- 
mally increased uptake. In five of these patients, quantitative studies 
were performed and no significant difference in uptake between the 
vertex vertebra and the four adjacent vertebrae could be found. In 
addition, no asymmetric uptake in the costosternal junctions was 
observed in either group. These results confirm the observation of a 
preliminary study that failed to show any growth disturbance of the 
spine during the early stage of idiopathic thoracic scoliosis. But these 
results do not support the tentative conclusion of the preliminary 
study that the spinal deformity in idiopathic scoliosis might be attrib- 
uted to asymmetric longitudinal rib growth as reflected in asymmetric 
isotope uptake in the paired costosternal junctions. The authors 
questioned, however, whether scintigraphic scanning can be consid- 
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ered an accurate procedure for quantitative measurement of skeletal 
growth of the ribs, particularly in scoliotic patients. 


Peter F. Winter 


Demonstration of Achilles tendon on CT. Normal and pathologic 
changes (in German). Reiser M, Rupp N, Lehner K, Parr O. Gradinger 
R, Karpf M (Institute for Roentgen Diagnostic, Technical University, 
Ismaninger Str. 22, D-8000 Munich 80, West Germany). Fortschr 
Roentgenstr 143:173-177, 1985 


CT examination of the Achilles tendon was performed on 25 
patients with the following clinical findings: status postrupture of the 
Achilles tendon (7 patients), status postsurgery (3 patients), and 
achillodynia (9 patients). The ruptured Achilles tendon showed an 
increase in size up to three times normal cross-section and a decrease 
in intensity by as much as 60%, in comparison with the contralateral 
normal tendon. Similar findings were found in the postsurgical Achilles 
tendon. In all patients with achillodynia, the Achilles tendon showed 
generalized hypodensity and a slight increase in size by 2 mm on 
average. Six of these patients also demonstrated a central, almost 
cystic-appearing hypodensity in the tendon. These CT findings of the 
Achilles tendon in patients with achillodynia are believed to be a 
manifestation of degenerative changes. 


Peter F. Winter 


Arthrography of the temporomandibular joint (in Spanish). Castro 
SP (Calle 96 #9-83, Zone 8, Bogota, Colombia, S.A.). Rev /nteram 
Rad 10:111-115, July 1985 


A review of 35 patients who had temporomandibular arthrography 
is presented. The physiopathology of the abnormalities of the joint, 
the technique of evaluation, the indications, and the contraindications 
and complications are reviewed. A satisfactory examination must 
include a dynamic evaluation, fluoroscopy, and linear tomography. 
Excellent sketches and radiographic reproductions are used to illus- 
trate this paper. 


Charles M. Nice, Jr. 


Prediction of vertebral body compressive fracture using quanti- 
tative computed tomography. McBroom RJ, Hayes WC, Edwards 
WT, Goldberg RP, White AA (Beth Israel Hospital, 330 Brookline 
Avenue, Boston, MA 02215). J Bone Joint Surg 67A:1206-1214, 
Oct 1985 


Quantitative CT in vitro was performed on the first and third lumbar 
vertebrae in human cadavers. CT numbers were quantitated against 
a dibasic potassium phosphate phantom. There was significant pos- 
itive correlation between these numbers and direct measurements of 
the apparent density of the vertebral trabecular bone, which was 
determined by weighing the specimens after defatting. However, 
when the quantitative CT values were compared with vertebral com- 
pressive strength in similar specimens, the results were not quite 
Significant, although suggestive (p < 0.061). Uniaxial compressive 
loads were applied with a hydraulic materials-testing machine. All 
vertebral bodies failed by compression of the endplate, which sug- 
gested only a modest structural role for the cortical shell under these 
loading conditions. Although these experimental findings were only 
suggestive of a correlation between quantitative CT and vertebral 
compressive strength, the strong correlation between each of these 
variables and the apparent trabecular density supports the assertion 
that quantitative CT should be investigated clinically as a predictor of 
risk of vertebral fracture. 


R. F. Kilcoyne 


Radiology in the diagnosis and management of bone tumours. 
Watt | (Bristol Royal Infirmary, Bristol, BS2 8HW, England). J Bone 
Joint Surg 67-B (4):520-529, August 1985 


The value and limitations of modern imaging techniques in the 
investigation and management of bone tumors were explored. Use 
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of plain radiography, isotope scintigraphy, tomography and CT, vas- 
cular studies, and future developments are reviewed. Close cooper- 
ation among orthopedic surgeons, radiologists, and oncologists will 
help them use these methods to their optimal efficiency. 


R. F. Kilcoyne 


Transient ischaemia of the proximal femoral epiphysis in the child: 
interpretation of bone scintimetry for diagnosis in hip pain. Wing- 
strand H, Bauer GCH, Brismar J, Carlin NO, Petttersson H, Sunden 
G (Dept. of Orthopaedic Surgery, University Hospital, S-221 85 Lund, 
Sweden). Acta Orthop Scand 56:197-203, June 1985 


Many children presenting with the clinical picture of transient 
synovitis of the hip joint have transient ischemia of the proximal 
femoral epiphysis. Some of these cases may go on to develop Legg- 
Calve-Perthes disease. In 25 consecutive cases of transient synovitis 
of the hip in children, 14 cases had normal scintimetry; seven cases 
had an increased uptake in the epiphysis; and four cases had mark- 
edly defective uptake in the epiphysis, indicating interrupted vascular 
supply. At repeat scintimetry 6 weeks later in the latter four cases, 
the uptake was normal or increased in three; the one case with a 
persistent defect was the only case in this series who later developed 
radiographic evidence of Legg-Calve-Perthes disease. In some cases 
presenting with clinical symptoms of synovitis of the hip, there is a 
transient ischemia of the proximal femoral epiphysis, which sponta- 
neously recovers. This should be considered when attempts are 
made for preradiographic diagnosis of Legg-Calve-Perthes disease 
by radionuclide methods. 


R. F. Kilcoyne 


Bone density in women with spinal and hip fractures. Harma M, 
Karjalainen P, Hoikka V, Alhava E (Dept. of Clinical Physiology, 
University Central Hospital of Kuopio, Kuopio, Finland). Acta Orthop 
Scand 56(5):380-385, Oct 1985 


Ninety-eight postmenopausal women were measured by quanti- 
tative CT of the lumbar spine and the distal radius, and by single 
photon absorptiometry of the distal radius. Nineteen patients had 
compression fracture of the spine, 30 had recent hip fractures, and 
49 were healthy control subjects. Trabecular bone density in the 
spine of the control subjects showed a linear decrease of 1% annually. 
Both the spine- and hip-fracture patient groups had lower bone 
density in the spine and the distal radius when compared with age- 
matched controls. In the spine, the reduction in bone mineral was 
more extensive in patients with spinal fractures than in patients with 
hip fractures. The results support thé opinion that two forms of 
osteoporosis exist. One is characterized by excessive trabecular 
bone loss in the axial skeleton leading to spinal fractures; the second 
is due to an equal degree of axial and peripheral osteopenia, found 
in connection with hip fractures. 


R. F. Kilcoyne 


Factors in diagnosis of avascular necrosis of the femoral head. 
Bieber E, Hungerford DS, Lennox DW (The Johns Hopkins University 
School of Medicine, Dept. of Orthopaedic Surgery, Good Samaritan 
Professional Building, 5601 Loch Raven Blvd., Baltimore, MD 21239). 
Adv Orthop Surg 9(3):92-96, Nov/Dec 1985 


Diagnosis of avascular necrosis of the femoral head in its early 
stages remains difficult because of the paucity of clinical and radi- 
ographic signs. The pathogenesis remains uncertain, although well 
established etiologic associations are apparent. Gaucher's disease, 
Steroid therapy, sickle-cell disease, major trauma, and decompression 
disease have a definite association, while minor trauma, alcoholism, 
connective-tissue diseases, and hyperuricemia have a probable as- 
sociation. The progression of disease is thought to be from vascular 
insult to the femoral head, followed by necrosis of all the cellular 
constituents, a macrophage and fibroblastic response, and, finally, 
revascularization and bone deposition. Bone formation and resorption 
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occur simultaneously with art cular collapse occurring if resorption 
outpaces deposition. Between 1974 and 1978, 65 patients with 
biopsy-proven avascular necrosis of 99 femoral heads were seen. All 
patients were evaluated radiographically by intraosseous pressure 
study ane by biopsy. Forty-four patients had a bone scan and 49 
underwent intraosseous venography. Routine radiographs were not 
useful in early stages of the disease. Radionuclide scanning could 
demonstrate a cold spot indicative of absent or diminished blood 
supply in the very early stages of the disease. While bone scans were 
often helpful in early stages, over one-third were false negatives in 
this series. A scan performed in a later phase of the disease demon- 
strated increased uptake, indicating repair and revascularization. All 
scans in this series that were abnormal had increased uptake rather 
than decreased or absent uptake. All of the 49 patients who under- 
went venography demonstrated a delay in clearing of the contrast 
medium, indicating a positive study. All patients measured had ele- 
vated intraosseous pressure studies. The authors concluded that 
biopsy remains the definitive method of diagnosis and should be 
employed in the symptomatic at-risk patients regardless of the out- 
come of noninvasive studies. Venography and pressure studies may 
be performed at the time of bidpsy to confirm the results. The roles 
of CT and MR in the diagncsis of osteonecrosis have not been 
determined. It is hoped that both will be helpful in the early diagnosis; 
these tecliniques are currently being studied. 


R. F. Kilcoyne 


Ultrasonegraphy in hip disease in children. Kallio P, Ryoppy S, 
Jappinen 5, Siponmaa AK, Jaaskelainen J, and Kunnamo | (Children’s 
Hospital, The University Hospital of Helsinki, Helsinki, Finland). Acta 
Orthop Scand 56(5):367-371, Oct 1985 


One hundred and forty-nine children with hip pain were studied. 
The results of plain radiography were compared with sonography of 
the affected hip. Positive sonographic examination demonstrated 
widening of the joint space between the anterior surface of the 
femoral neck and the wall of the anterior capsule. The magnitude of 
the sonographic joint-space widening correlated well with the clinical 
severity of the disease, the vo ume of synovial fluid, and the intraar- 
ticular pressure. Considerable widening of the sonographic joint 
space was seen in transient synovitis, septic arthritis, reactive arthri- 
tis. and arthritis with urticaria; noderate widening was seen in some 
patients with Perthes disease. Patients with nonspecific arthralgia 
showed no difference in the hig joint space between the affected and 
nonaffected hip. Radiography was not as sensitive as sonography at 
detecting ip joint effusion when the two studies were compared in 
97 cases. Sonography was valuable for early diagnosis of arthritis of 
the hip in children. The method can also be used to monitor treatment 
of transient synovitis and septic arthritis. 


R. F. Kilcayne 


Disorders of the rotator cuff. Wilson FC (Division of Orthopaedics, 
Universityof North Carolina Sct ool of Medicine, 236 Burnett-Womack 
Building 229H, Chapel Hill, NC 27614). Adv Orthop Surg 9(3):97- 
101, Nov/Dec 1985 


Althouch manifestations of most clinical conditions are no different 
in the shoulder than they are elsewhere in the body, there are three 
disorders that are unique and that account for most of the shoulder 
complaints in persons of middle age. Calcific tendinitis is often referred 
to as “bursitis.” The primary pathology is in the tendons of the rotator 
cuff, usually the supraspinatus. This is perhaps the most common 
nontraumatic cause of shoulde~ pain affecting 2% to 3% of the adult 
population. Overuse or minor trauma frequently precedes the onset 
of symptems. The lesion occurs in an avascular portion of the 
supraspinatus tendon. It is a degenerative process that favors the 
precipitatien of amorphous calcium hydroxyapatite crystals. Radi- 
ographs snould be taken in three rotational views to ensure visuali- 
zation of ne entire rotator cuf. The authors recommend treatment 
with ice, analgesics, the brief Use of a sling, and injection of a local 
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anesthetic. One should attempt to aspirate as much of the deposit 
as possible with a needle. Local injection of steroids should be used 
with caution. Rotator cuff tears have been found in 20% to 30% of 
persons over age 60. Tears of the supraspinatus tendon are due to 
attritional changes occurring in a portion of the tendon that has little 
capacity for repair of the damage sustained by repetitive impinge- 
ment. The presence of a cuff tear should be suspected when a minor 
shoulder injury is followed by persistent pain. Confirmation of the 
diagnosis is provided by arthrography of the glenohumeral joint, 
although sonography shows promise of being equally reliable and is 
noninvasive. Most cuff tears do not require operative treatment. 
Repair should be considered if symptoms persist longer than 3 or 4 
weeks. The frozen shoulder refers to the restriction of shoulder 
motion caused by capsular contraction. About 2% of the adult 
population is affected. Restricted use of the shoulder invariably 
precedes this condition. Marked osteopenia is usually present. Ar- 
thrography shows a retracted capsule. The condition is usually self- 
limited and the length of time to recovery seems related to the degree 
of stiffness present originally. Treatment involves physical therapy, 
manipulation under general anesthesia, distension of the contracted 
capsule with saline, and operative division of tight pericapsular struc- 
tures. 


R. F. Kilcoyne 


Aspiration cytology of soft-tissue tumors. Akerman M, Rydholm A, 
Persson BM (Dept. of Orthopedics, University Hospital, S-221 85, 
Lund, Sweden). Acta Orthop Scand 56:407-412, Oct 1985 


Since 1982, the authors have included fine-needle aspiration cy- 
tology in the preoperative evaluation of soft-tissue lesions. In 365 
consecutive patients, the cytology was nondiagnostic in only four 
sarcomas and 16 benign lesions. The site of aspiration was usually 
at the vertex of the palpable mass. The puncture tract could then be 
included easily in the operative specimen. The authors avoided mul- 
tiple aspirations and penetration of the deep tumor border. Because 
of the high positive correlation between the preoperative cytology 
and the operative specimen, the authors conclude that this is a 
valuable preoperative adjunct. 


R. F. Kilcoyne 


Computed tomographic documentation of intra-articular penetra- 
tion of a screw after operations on the shoulder. Lower RF, 
NcNiesh LM, Callaghan JJ (Orthopedic Surgery Service, Walter Reed 
Army Medical Center, Washington, DC 20307). J Bone Joint Surg 67- 
A:1120-1122, Sept 1985 


Two patients underwent surgery for recurrent shoulder dislocation 
with screw fixation near the area of the glenoid labrum. Both patients 
developed severe pain postoperatively. CT was obtained in these 
patients to determine whether there was impingement of the screw 
upon the articular surface of the glenoid. One patient had no evidence 
of screw penetration on CT and was treated with physical therapy. 
The other patient had evidence that the screw was in the joint and 
had it removed surgically. The technique of CT scanning in these 
patients involved 5-mm slices with a bone-targeting algorithm to 
increase edge definition and decrease artifacts from the presence of 
the metal. This technique should be applicable in any joint when there 
is concern about hardware penetration in the postoperative period. 


R. F. Kilcoyne 


Psoas abscess mimicking a septic hip. Diagnosis by computed 
tomography. Perry J, Barrack RL, Burke SW, Haddad RJ (Dept. of 
Orthopaedic Surgery, Tulane University School of Medicine, New 
Orleans, LA 70112). J Bone Joint Surg 67A:1281-1283, Oct 1985 


Primary suppurative psoas abscess is a rare lesion with symptoms 
often suggesting hip disease. Initial diagnosis in this case report of a 
4-year-old child with hip pain was attempted by hip aspiration. When 
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this was negative, a CT scan was obtained. The CT showed a 
discrete mass of fluid density adjacent to the psoas muscle extending 
anterior to the ilium and anterior to the capsule of the hip joint. Gram 
Stain and culture demonstrated a Staphylococcus aureus infection. 
Physicians should remember that psoas infection may mimic hip 
disease Clinically. 


R. F. Kilcoyne 


The role of plate thermography in the evaluation of idiopathic 
carpal tunnel syndrome. Roger B, Chaise F, Laval-Jeantet M (Serv- 
ice de Radiologie, Hôpital St. Louis, 2, place du Dr. A. Fournier, 
F75475 Paris Cedex 10). J Radiol 66(5):361-366 May 1985 


The authors report 32 cases of idiopathic carpal tunnel syndrome. 
In addition to routine clinical examination, radiographs, and electro- 
myography, the patients had hand thermography the day before 
surgery. Clinical evaluation and thermography were repeated and 
correlated on the same day 2 weeks and then 2 to 3 months after 
surgery. All cases with preoperative hypothermia converted to iso- 
thermia and good to excellent functional results after surgery. Cases 
with preoperative hyperthermia led to unfavorable results and were 
often related to underlying conditions. The authors concluded that 
thermography can provide significant information in the management 
of carpal tunnel syndrome. More specifically, presurgical hypothermia 
should be regarded as a sign of favorable prognosis. 


Joseph Fakhry 


Vascular 


The Leriche syndrome: a comparative investigation using angiog- 
raphy, computed tomography and ultrasonography. Landtman M, 
Kivisaari L, Taavitsainen M (Meilahti Hospital, Helsinki University 
Central Hospital, SF-00290 Helsinki, Finland). Acta Radiol [Diagn] 
26:265-269, 1985 


Nine patients with angiographically and surgically confirmed Ler- 
iche Syndrome underwent real-time sonography and CT with bolus 
injection. In all patients, an almost pathognomonic CT finding of 
vascular occlusion was found below the level of the renal arteries, 
consisting of a sclerotic, normal calibered aorta with a hypodense 
center. Sonography did not identify the aortic occlusion in all seven 
cases with an adequately visualized aorta. In the remaining two cases, 
the aorta was inadequately visualized for diagnostic purposes be- 
cause of overlying bowel gas. The authors conclude that sonography 
performed with currently available real-time equipment does not 
appear to have sufficient sensitivity for the detection of an altered 
interluminal aortic structure caused by thrombosis. 


Peter F. Winter 


In vitro effects of laser on atheromatous plaques: a preliminary 
study. Pernes JM, Angel Cy, Brenot Ph, Bruneval P, Camillieri JP, 
Gaux JC (Service de radiologie cardio-vasculaire, Hôpital Broussais, 
96, rue Didot, F75674 Paris Cedex 14) J Radiol 66(3):225-231, 
March 1985 


The effects of laser radiation on human atheromatous plaques 
were evaluated in vitro. Resulting lesions consisted of well circum- 
scribed craters due to tissue volatilization surrounded by a thin layer 
of coagulation. Tissue destruction depended on the level of energy 
used and on the direction of the laser beam in relation to the 
atheromatous stenosis. These findings confirmed that it is possible 
to destroy atheromas with laser therapy. The risk of perforation, 
however, was not negligible. Preliminary experience suggested that 
there was hope for future application of this method with angioscopy 
under visual control in the treatment of atheromatous plaques. 


Joseph Fakhry 
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Nervous System 


NMR imaging of intracranial hemorrhage. DeLaPaz RL, New PFJ, 
Buonanno FS, Kistler JP, Oot RF, Rosen BR, Taveras JM, Brady TJ 
(Massachusetts General Hospital, Boston, MA 02114) J Comput 
Assist Tomogr 8:599-607, Aug 1984 


Twenty-one intracranial hemorrhagic lesions were imaged at 0.15 
and 0.6 T using inversion recovery (IR), spin echo (SE), and multiple 
SE/Carr-Purcell-Meiboom-Gill, (CPMG) pulse sequences. The authors 
evaluated two subarachnoid hemorrhages 18 and 33 hr after onset, 
nine acute intraparenchymal hemorrhages (IPH) 2-7 days after onset: 
10 chronic IPH 14-23 days from onset; and one subdural hematoma 
14 days after onset. Acute subarachnoid hemorrhages could not be 
identified on T1-weighted, IR images but were clearly seen on T2- 
weighted CPMG images. Acute (7 days or less) IPH showed signal 
intensity on IR and CPMG images similar to white matter. The T1 
and T2 times of acute IPH were also similar to white matter. In most 
cases of acute IPH, an abnormality on IR and CPMG images could 
be identified by the anatomic distortion produced. The lesion could 
be distinguished from other types of abnormalities such as tumor, 
infarct, or inflammation by image intensities and relaxation times 
similar to white matter. However, in cases of small lesions that 
produced minimal or no distortion of anatomy, visual discrimination 
of acute hemorrhage from white matter proved difficult. All acute 
hemorrhages were identified on CT. Chronic IPH lesions (14 days or 
more), showed high signal intensity, greater than white matter, on IR, 
SE, and CPMG images. The T1 of the chronic lesions was similar to 
the acute lesions but T2 was significantly longer (p < 0.05). Available 
evidence suggests that the nonspecificity of acute IPH signal and 
relaxation times may not be restricted to the pulse sequences or 
magnetic field strength. The precise point of transition from relatively 
short T1 and T2 times in acute hemorrhage to short T1 and long T2 
times of chronic hemorrhage is not clear. 


K. Jack Momose 


Neurological manifestations of the acquired immunodeficiency 
syndrome (AIDS): experience at UCSF and review of the literature. 
Levy RM, Bredesen DE, Rosenblum ML (Dept. of Neurological Sur- 
gery, University of California, San Francisco, CA). J Neurosurg 
62:475-495, April 1985 


A total of 366 neurologically-symptomatic patients with acquired 
immunodeficiency syndrome (AIDS) or lymphadenopathy were re- 
viewed. Central nervous system complications, found in 315 patients, 
included the following viral symptoms: subacute encephalitis (54), 
atypical aseptic meningitis (21), herpes simplex encephalitis (nine), 
progressive multifocal leuko-encephalopathy (six), viral myelitis 
(three), and varicella-zoster encephalitis (one). Nonviral infections 
were caused by Toxoplasma gondii (103), Cryptococcus neoformans 
(41), Candida albicans (six), Mycobacterium (six), Treponema palli- 
dum (two) and, coccidioidomycosis, Mycobacterium tuberculosis, 
Aspergillus fumigatus, and Escherichia coli, one each. Neoplasms 
included primary central nervous system lymphoma (nine), systemic 
lymphoma with central nervous system involvement (12), and meta- 
Static Kaposi's sarcoma (three). Cerebrovascular complications were 
seen in four patients with hemorrhage and five with infarction. Five 
patients from the authors’ series had multiple intracranial pathologies 
including two cases of simultaneous Toxoplasma gondii infections 
and primary central nervous system lymphoma, two cases of coex- 
istent Toxoplasma gondii and viral infections, and one case of com- 
bined Toxoplasma gondii and atypical mycobacterial infection. The 
authors conclude that despite the sensitivity of CT in the detection 
of these various complications, and the clinical studies available for 
diagnosis, that biopsy of all central nervous system space occupying 
lesions should be performed for tissue diagnosis before initiation of 
therapy. 


Arthur B. Dublin 
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Limitations of computerized tomography in the localization of 
intraocular foreign bodies. Topilow HW, Ackerman AL, Zimmerman 
RD. (1016 Fifth Ave., New York, NY 10028). Ophthalmology. 
91:1086-1091, Sept 1984 


The authors report their expe “ience in the treatment of nine patients 
with intraocular foreign bodies in whom preoperative CT scans and 
orbital radiographs were obtained. In five, CT was highly accurate in 
localizing the metallic foreign body. Two patients had intraocular 
foreign bodies that were not cetected by CT or orbital films. Two 
additional patients demonstrated an intraocular foreign body adjacent 
to the sclera that could not be reliably determined as intra- or 
extraocular before surgical exploration. The authors describe these 
four patients with limited CT localization in detail. The first, an 8-year- 
old boy, was struck in the left eye by a branch. CT was negative. At 
surgery a 9 x 3 x 3 mm piece of wood was found within the lens. 
The second patient, a 22-year-old man, was hit in the left eye with a 
piece of metal 6 weeks earlier. Indirect ophthalmoscopy detected two 
metallic intraocular foreign bodi2s. CT showed only a single metallic 
foreign body within the left lens. This was believed to be the larger 
of the two foreign bodies. At surgery, two foreign bodies were 
removed via radial sclerotomy. The smaller body measured 0.5 x 
0.25 x 0.25 mm. The third patient, a 19-year-old man, was struck in 
the left upper lid by a piece of st2el while hammering. Diffuse vitreous 
hemorrhage was noted by indi-ect ophthalmoscopy. CT showed a 
large metallic foreign body superonasally, but artifact prevented dis- 
tinction of intra- from extraocular localization. At surgery a piece of 
steel was removed from the periocular tissue. Case 4 was similar to 
case 3 in that artifact of a metallic foreign body prevented the authors 
from preoperatively determining whether the foreign body was intra- 
or extraocular. At surgery an mtraretinal metal fragment was em- 
bedded in the fovea. CT is the most sensitive radiographic technique 
for detecting relatively radiolucent foreign bodies including wood or 
plastic. However foreign bodies located in the vicinity of the scleral 
wall, either embedded in the retina or located just posterior to the 
globe, are a difficult problem in CT localization. 


Harvey |. Wilner 


Nuclear magnetic resonance soectroscopy. Younkin DP, Delivoria- 
Papadopoulos M, Leonard JC, Subramanian VH, Eleff S, Leigh JS, 
Chance B (Cerebrovascular Research Center, University of Pennsyl- 
vania, 36th Street and Hamilton Walk, Philadelphia, PA 19104). Ann 
Neurol 16:581-586, Nov 1984 


In vivo phosphorus magnetic resonance spectroscopy (?'P MR) 
was used to evaluate the pattern of phosphate compounds in seven 
newborn babies (mean gestatior al age, 32 weeks, birth weight 1430 
g; age 37 days) with a history of perinatal asphyxia. Spectra were 
collected in a 1.9-T superconductive magnet with surface-coil tech- 
niques. The spectra had charecteristic peaks for phosphorylated 
monoesters (PME), inorganic phosphate (Pi), phosphodiesters (PD), 
phosphocreatine (PCr), and ATP. In contrast to cortical spectra from 
mature animals, these newborn infant *'P MR spectra were domi- 
nated by a large PME peak and had small PCr, Pi, and PD peaks. 
Intracellular pH, as measured from the chemical shift of the Pi peak 
relative to the PCr peak, was 7.1 + 0.1 SD. One infant was studied 
postmortem and a large PME peak was present in his spectrum. The 
presence of PME 3 hr after death strongly suggests that it is not a 
sugar phosphate. In MR spectroscopy, compounds are identified by 
their chemical shift relative to a known standard (PCr). The chemical 
shift of the PME peak was 6.5 ppm, suggesting that it is a mixture 
of phosphoryl ethanolamine and dshosphoryl choline. The PCr/Pi ratio 
(1.3 + 0.7) and the PCr/ATP ratio (0.7 + 0.4) were lower in these 
babies than in mature animals (greater than 2 and greater than 1.4 
respectively). The PME/PD ratio ‘1.2 + 0.6) was much greater in the 
infants (mature animals, less than 0.2). The findings show that there 
are unique aspects of metabolites and bioenergetic reserve in the 
human newborn. As all the babes studied had normal findings on 
neurologic examination and cvanial sonography, correlation of 
changes in the MR spectrum wit) clinical abnormalities could not be 
made. However, Cady et al. in 1983 were able to demonstrate MR 
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changes that preceded structural central nervous system damage 
and modified the spectrum with mannitol, showing the usefulness in 
modifying therapy. 

L. Cala 


The aging human brain. Creasey H, Rapoport SI (Laboratory of 
Neurosciences, National Institute on Aging, Bethesda, MD 20205). 
Ann Neurol 17:2-10, Jan 1985 


This is an excellent review of a complex subject being studied 
worldwide. The authors document that postmortem and computed 
tomographic studies demonstrate many anatomic, morphologic, and 
neurochemical differences between brains of old and young human 
beings. However, the variability of the results is great and brains of 
some elderly subjects have characteristics of brains of younger 
controls. Some aspects of brain functional activity are not reduced in 
the elderly; resting cerebral oxidative metabolism and “crystallized” 
intelligence as represented by verbal subtests on the Wechsler Adult 
Intelligence Scale being examples. In the absence of superimposed 
disease which frequently limits aging studies, overall function can be 
maintained at high and effective levels because of the plasticity and 
redundancy capabilities of the human brain. 


L. Cala 


Natural history of arteriovenous malformation of the brain: a 
clinical study. Fults D, Kelly DL Jr (Section of Neurosurgery, Bowman 
Gray School of Medicine, Winston-Salem, NC 27103). Neurosurgery 
15:658-662, Nov 1984 


Arteriovenous malformations (AVM) are racemose networks of 
arterial and venous channels that communicate directly rather than 
through capillary bed. The propensity of cerebral AVM to hemorrhage 
has convinced some neurosurgeons that they should be resected 
whenever possible. However, their size and frequent occurrence in 
surgically inaccessible regions of the brain mandate a conservative 
approach in many patients. Also, the surprisingly benign course in 
many patients managed nonsurgically raises questions regarding the 
wisdom of operative treatment of all intracranial AVM. The natural 
history of intracranial AVM was studied in 131 patients. The 83 
patients managed nonsurgically and the 48 patients treated surgically 
were followed for an average of 8 years. Hemorrhage occurred in 
61.8% of all patients. Second hemorrhage occurred in 67.4% of the 
survivors of the first hemorrhage. The mortality associated with 
recurrent hemorrhage did not increase significantly with successive 
episodes of hemorrhage. The rate of bleeding was 17.9%/year ini- 
tially, but declined to 3%/year after 5 years and then to 2%/year after 
10 years. Among patients treated nonsurgically, the prognosis was 
more favorable for patients presenting with seizures than for patients 
presenting with hemorrhage. Patients in the seizure group had a 
26.0% incidence of hemorrhage causing an 11.6% mortality; 40.5% 
of the patients in the hemorrhage group died. The prognosis was 
poor in patients with posterior fossa AVM; the mortality was 66.7% 
with the first hemorrhage. Recurrent posterior fossa hemorrhage was 
the rule in survivors, and most of these hemorrhages were fatal. 
Prognosis for children with AVM was the same as for adults. 


K. Jack Momose 


Septic complications of chemonucleolysis. Brian JE, Westerman 
GR, Chadduck WM (Dept. of Neurosurgery, University of Arkansas 
for Medical Sciences, Little Rock, AR 72205). Neurosurgery 15:730- 
734, Nov 1984 


Chemonucleolysis may be an attractive alternative to open diskec- 
tomy in the treatment of selected patients with a herniated nucleus 
pulposus. The procedure is currently thought to be relatively safe 
with a minimal risk of complication, the most common of which is 
allergic. Septic complication is thought to be rare. This report de- 
scribes devastating bacterial infections in two patients who under- 
went chemonucleolysis. One had recurrent episodes of septicemia 
resulting in overt aortic valve failure leading to aortic valve replace- 


1108 


ment. The second patient developed a cauda equina syndrome with 
diskitis and epidural empyema. These cases document that significant 
infections occur after chemonucleolysis. The enzymatically degraded 
disk material may provide a culture medium for bacterial growth. 
Subacute bacterial endocarditis has been reported rarely as a com- 
plication of chemonucleolysis. Case one had clinical findings of disk- 
itis, Sepsis, and intermittent bacteremia with positive blood cultures. 
An important consideration is that a source of continued sepsis must 
be present for a normal aortic valve to become affected. Histologic 
examination of the aortic valve removed from the patient did not 
show evidence of preexisting rheumatic valvular heart disease. 


K. Jack Momose 


Computed tomography in medial maxilla-orbital fractures. John- 
son DH, Colman M, Larsson S, Garner OP, Hanafee W (UCLA School 
of Medicine, Los Angeles, CA 90024). J Comput Assist Tomogr 
8:416-419, June 1984 


Fractures of the middle one-third of the face are a difficult clinical 
problem because the frontal process of the maxilla extends in a 
vertical direction, lending support to the medial area of the face. Its 
junction with the lacrimal bone, lamina papyracea, and nasal process 
of the frontal bone constitutes the medial support of the globe and 
medial wall of the orbit. The medial wall of the maxilla contains the 
canal for the nasolacrimal duct. The internal fixation of complex 
midface fractures relies heavily on the frontal process of the maxilla 
and its adjacent bones to give support and to maintain the vertical 
height of the face. The authors studied 50 patients with facial fracture 
by CT. Of these, 13 showed fractures of the medial pillar. Most of 
the medial pillar fractures were associated with other injuries of facial 
bones. All four Lefort fractures also had fractures involving the medial 
pillar. Four of 27 patients with trimalar injuries had fractures of the 
frontal process of the maxilla. None of the frontal process fractures 
were identified before CT. The remaining patients had fractures 
centering about the orbit and its medial wall. In almost all instances 
the frontal process of maxilla was displaced posteriorly and combined 
with some rotation. CT is essential in studying medial maxilla-orbital 
fractures. 


K. Jack Momose 


Recurrent bacterial meningitis: coronal thin-section cranial com- 
puted tomography to delineate anatomic defects. Steele RW, 
McConnell JR, Jacobs RF, Mawk JR (Arkansas Children’s Hospital, 
804 Wolfe Street, Little Rock, AR 72201). Pediatrics 76:950-953, 
Dec 1985 


Recurrent bacterial meningitis may result from immune deficiency 
or anatomic defects. When gram-negative coloform organisms are 
recovered a dermal sinus, dermoid cyst, or myelomeningocele is 
suggested. Meningococcal or gynecoccal infections suggest immune 
deficiency, whereas pneumococcal meningitis is seen with anatomic 
and immune defects. Streptococcus pneumoniae is found in 80% of 
central nervous system infections when an anatomic defect is pres- 
ent. Three children, ages 13 months, 10 years, and 12 years, pre- 
sented with recurrent pneumococcal meningitis. Multiple studies, 
including immunologic evaluation, skull, sinus, and mastoid radi- 
ographs, axial CT, and indium cisternography, were normal. Thin- 
section (2mm) direct coronal CT demonstrated basiethmoidal en- 
cephaloceles in all three patients. Metrizamide CT cisternography 
was not necessary. 


Richard B. Towbin 


Primary neuroblastoma: another cause of midline cerebral calci- 
fication. Pidello R, Gelbert F, Delgrande J, Hassoun J, Perragut JC, 
Salamon G (Neuroradiologie, Hopital Timone, bd Jean Moulin, F13385 
Marseille Cedex 5). J Radiol 66(4):291-296 April 1985 


Supratentorial primary neuroblastomas are rare tumors. The vast 
majority of reported cases are hemispheric in location and commonly 
display amorphous calcifications. Seven new cases of midline neu- 
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roblastomas are reported. They were located at the roof of the third 
ventricle, at the medial wall of the lateral ventricle, and at the level of 
the trigone. Hydrocephaly was present in all cases. Midline calcifica- 
tions were noted in four cases. Despite its rarity, the authors believe 
that supratentorial midline neuroblastomas should be suggested in 
the presence of midline calcifications. 


Joseph Fakhry 


Editorial on CT scanning and metrizamide myelography (Reprints 
not available) Spine 10(8):691-695, Oct 1985 


The editor published a number of letters in response to a two-part 
report by Wiesel et al. (Spine 9:549-551, 1984) and by Bell et al. 
(Spine 9:552-556, 1984), which indicated that CT scanning discloses 
a high (26%-51%) frequency of abnormalities in asymptomatic indi- 
viduals and that metrizamide myelography is more accurate than CT 
scanning in the diagnosis of herniated nucleus polposus and spinal 
Stenosis. Criticisms leveled at the authors inctuded mislabeling of 
lumbar levels on the CT scans and misinterpretation of CT findings, 
the use of four noncontiguous sections rather than sequential 5-mm 
sections, lack of experience with CT by the authors, misinterpreting 
normal nerve roots as herniated disc material, lack of multiplanar 
imaging, the lack of postsurgical clinical follew-up to determine 
whether the patients’ symptoms were relieved by the surgery, and 
failure to distinguish among various types of disk disease. Dr. Wiesel 
responded that his studies simply reported the findings of the three 
radiologists who interpreted the blinded CT scams. Because some of 
the data were obtained in the early days of CT scanning, the authors 
are now undertaking a new study to see if the CT methodology has 
improved. 


R. F. Kilcoyne 


Central traumatic cerebral bleeding on CT (im German). Hofmann 
E, Dressal K, Nadjmi M, Ratzka M (University of Wuerzburg Depart- 
ment of Neuroradiology, Josef-Schneider-Str. 11, D-8700 Wuerzburg, 
West Germany). Fortschr Roentgenstr 143:146-151, 1985 


Traumatic hemorrhage in central areas of the brain is a relatively 
rare finding. It could be found in only 3% of 35,980 patients with 
cerebral injuries examined at the University of Wuerzburg from 1976 
to 1984. In general, central brain hemorrhage occurred in combination 
with other severe injuries to the skull and its contents. In most cases, 
the central hemorrhage was in the basal ganglia. The thalamus ranked 
second in location. Occasionally, the hemorrhage extended into ad- 
jacent cerebral structures and resulted in a large intracerebral he- 
matoma; in these cases no distinction could be made between 
primary and secondary central hemorrhage. The prognosis of central 
hemorrhage was poor with a fatality of 42%. However, the prognosis 
was more favorable in patients with isolated central hemorrhage, and 
it appears that the outcome depends primarily on the severity of the 
accompanying brain injuries. 


Peter F. Winter 


Schilder’s myelinoclastic diffuse sclerosis. Poser CM, Goutieres 
F, Carpentier MA, Aicardi J (Neurological Unit, Beth Israel Hospital, 
330 Brookline Avenue, Boston, MA 02215). Pediatrics 77: 107-112, 
Jan 1986 


The term “Schilder’s disease” has been confusing because it has 
been used to describe several similar disease processes including 
adrenoleukodystrophy, transitional or multiple sclerosis, and acute 
disseminated encephalomyelitis. Schilder’s disease is a subacute or 
chronic myelinoclastic disorder resulting in one-or two near symmet- 
ric, 3 X 2 cm plaques within the centrum semiovale of the cerebral 
hemispheres. These should be the only demonstrable lesions with no 
evidence of peripheral nerve, adrenal, or fatty acid abnormality. Brain 
biopsy should reveal histology identical to multiple sclerosis. Schild- 
er's myelinoclastic diffuse sclerosis, a variant of multiple sclerosis, 
occurs in children and adults of both sexes. The diagnosis of Schild- 
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er's disease cannot be made unless adrenoleukodystrophy has been 
ruled out by biochemical analysis. 


Richard B. Towbin 


The pathomorphology of spinal stenosis as seen on CT scans of 
the lumbar spine. Schonstrom NSR, Bolender NF, Spengler DM 
(Dept. of Orthopaedics and Rehabilitation, Vanderbilt University, 
Nashville, TN 37232). Spine 10 806-811, Nov 1985 


This study examined different morphologic measurements in the 
evaluation of patients with lumbar spinal stenosis. Two operative CT 
scans from 24 patients who underwent surgery for central lumbar 
stenosis were analyzed. CT facilitated the measurement of the size 
of the bony canal. However, in this study no correlation was observed 
between the size of the bony spinal canal and the size of the dural 
sac. Im the majority of the patients studied, the factors causing 
stenosis appeared to be protrusion of soft tissues including the disk 
and ligamentum flavum. Therefore, the size of the dural sac is a more 
reliable measure of stenosis tran is the measurement of the bony 
canal. The best way to measure this is by determining the transverse 
area of the dural sac. The method is described. 


R. F. Kilcoyne 


Simplified cervical metrizarride myelography (decubitus ap- 
proach). Petras AF, Westmoreland LH, Sobel DF (Dept. of Radiology, 
Letterman Army Medical Cen-er, Presidio of San Francisco, CA 
94129). Spine 10:860-862, Nov 1985 


The authors describe a mettod of fluoroscopic guidance for C1- 
C2 puncture that does not require lateral fluoroscopy. Fifty consec- 
utive patients were studied. Th2 patient is placed in the right lateral 
decubitus position and C1-C2 puncture is made with a 22-gauge 
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spinal needle using vertical beam fluoroscopy for guidance. Once free 
flow of cerebral spinal fluid is obtained, the patient is slowly rolled to 
a prone position with the needle in place while the head is held by a 
technician. Once the patient is prone the chin is supported with the 
neck hyperextended. Needle localization is again confirmed and 
metrizamide is introduced under fluoroscopic control. No complica- 
tions and only minor side effects occurred in this series. 


R. F. Kilcoyne 


Miscellaneous 


How accurate are quotations and references in medical journals. 
de Lacey G, Record C, Wade J (Northwick Park Hospital and Clinical 
Research Center, Harrow, Middlesex, HA1 3UJ, Great Britain). Br 
Med J 291:884-885, Sept 1985 


The accuracy of quotations and references in six medical journals 
published during January 1984 was assessed. The original author 
was misquoted in 15% of all references and most of the errors would 
have misled readers. Misleading quotations were often due to over- 
simplification in summarizing another author's figures. Not only will 
these displease the authors concerned but more seriously a major 
inaccuracy may become an accepted fact and mislead the reader. 
Errors in citation of references occurred in 24%, of which 8% were 
major errors, errors that would prevent immediate identification of 
the source of the reference. The authors made some suggestions for 
reducing these high levels of inaccuracy. This important problem 
deserves the attention of not only journal readers but also editors, 
authors, and manuscript reviewers. 


Noel K. Allan 
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News 





Canadian Association of Radiologists Meeting 


The 49th Annual Meeting of the Canadian Association of Radiolo- 
gists will be held at the World Trade and Convention Centre, Halifax. 
June 22-26, 1986. Faculty: T. P. Phillips, C. Stiller, and W. Brody. 
Symposia: Vascular (Cross-Canada teleconference), Therapy-Diag- 
nosis, Physics-Diagnosis. Refresher Courses: Temporal Bone, 
Breast, Radiation Risks, Pediatrics, Genitourinary, Ultrasound, Ar- 
thritis, Elbow Injuries in Children, Interventive Biliary Techniques, 
Sarcoidosis. Application for Category | AMA Approval. Information: 
The Canadian Association of Radiologists, 1440 St. Catherine Street 
West, Suite 506, Montreal, Quebec, Canada; (514) 866-2035. 


Orthopedic Radiology 


The Radiology Dept., Brigham and Women's Hospital, and the 
Dept. of Continuing Education, Harvard Medical School will offer a 
postgraduate course in orthopedic radiology June 30-July 2, 1986. 
Category 1 credit: 20 hr (approximately). Fee: $425; residents, fel- 
lows, RTs: $300. B. N. Weissman, program director. Information: 
Dept. of Continuing Education, Harvard Medical School, 25 Shattuck 
St., Boston, MA 02115; (617) 732-1525. 


Diagnostic Imaging Seminar 


The Dept. of Radiology, Hospital of the University of Pennsylvania, 
will sponsor its eighth annual diagnostic imaging seminar: An Analy- 
Sis of a Potpourri of Imaging Procedures in Martha's Vineyard, MA 
from July 7-11, 1986. Faculty: P. H. Arger (course director), R. L. 
Arenson, B. A. Carroll, B. G. Coleman, W. B. Gefter, J. K. T. Lee, M. 
C. Mintz. Category 1 credit: 22 hr (applied for). Fee: $475 physician; 
$375 resident; $225 technologist. Information: Ms. J. Ford, CME 
Coordinator, Dept. of Radiology, Hospital of the University of Penn- 
Sylvania, 3400 Spruce St., Philadelphia, PA 19104; (215) 662-6904. 


Greenbrier Radiology Conference 


The Dept. of Diagnostic Radiology, Allegheny General Hospital, 
and the Allegheny Health, Education, and Research Corp., and Alle- 
gheny Radiology Associates, Ltd., will present the Fourth Annual 
Greenbrier Radiology Conference at The Greenbrier in White Sulphur 
Springs, WV, July 13-17, 1986. Topics receiving major emphasis will 
be recent developments in MRI, CT, sonography, and interventional 
radiology. Local faculty: |. Beckman, F. Contractor, W. Rothfus, A. 
Lupetin, and R. Schapiro. Guest faculty: N. Karstaedt, R. Kerlan, R. 


Lufkin, K. Taylor, G. Onik, and V. Wallach. Fee $390; $250 residents. 
fellows. Category | credit: 16 hr. Information: S. A. Johnston. Program 
Manager, Continuing Education Department, Allegheny General Hos- 
pital, 320 East North Ave., Pittsburgh, PA 15212-9986: (412) 359- 
4952. 


Cape Cod Summer Symposium 


The University of Utah School of Medicine and Seminars in Ultra- 
sound, CT, and MR will present the Eighth Cape Cod Summer 
Symposium on Cerebrovascular Imaging, Breast Diagnosis, and 
Other Imaging Topics, a combined lecture/seminar group meeting, 
on August 3-6, 1986, at Dunfey Hyannis Resort. Hyannis, Cape Cod, 
MA. This course is designed for radiologists in practice or in training 
who are interested in cerebrovascular imaging, obstetric ultrasound, 
and breast diagnosis. The course will emphasize new techniques and 
advanced concepts rather than basic information. Course directors: 
W. J. Zwiebel and H. W. Raymond. Fee: $350.00 physicians; $275.00 
residents. Category | credit: 13.5 hr. Information: v. Gallegos, Dept. 
of Radiology, University of Utah School of Medicine, Salt Lake City, 
UT 84132; (801) 581-7553. 


Orthopedic Radiology Update 


The Dept. of Radiology, University of Pennsylvania, will sponsor a 
course on orthopedic and musculoskeletal radiology at The Snow- 
mass Club, Snowmass, CO, August 11-15, 1986. An in-depth review 
of topics for both radiologists and orthopedic surgeons will include 
trauma, spine, joint replacement surgery, and sports medicine, and 
newer techniques, including 3D CT and MRI. Faculty: M. K. Dalinka 
(Course Director), M. E. Kricun, J. S. Torg, A. Norman, H. Pavlov, D. 
Resnick, R. Voltz. Category 1 credit: 20 hr (applied for). Fee: $450 
physician; $325 resident. Information: Ms. J. Ford, CME Coordinator. 
Dept. of Radiology, Hospital of the University of Pennsylvania, 3400 
Spruce St., Philadelphia, PA 19104; (215) 662-5904. 


Sonomammography 


The Division of Ultrasound and Radiologic Imaging, Thomas Jef- 
ferson University Hospital, will sponsor two programs in sonomam- 
mography, August 18-22, 1986, and December 8-12, 1986. These 
intensive programs will emphasize automative scanning, with topics 
ranging from acoustic principles through advanced differential diag- 
nosis of breast abnormalities. Category 1 credit: 29 hr. Fee: $500. 
Information: B. B. Goldberg, Division of Ultrasound and Radiologic 
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Imaging, Thomas Jefferson University Hospital, 1015 Walnut St., 
Philadelphia, PA 19107; (215) 928-8533. 


Neuroradiologic, Thoracic, and Abdominal Imaging 


The Napa Valley Radiology Conference sponsored by the Sacra- 
mento Radiology Research and Education Foundation and the North- 
ern California Radiology Society will be held August 25-28, 1986, at 
the Silverado Inn in Napa, CA. =mphasis will be on neuroradiologic, 
thoracic, and abdominal imaging. This will be a refresher course for 
practicing radiologists and clinicians. Faculty: Bogren, Glazer, Horn, 
James Lee, Lindfors, Link, M2Gahan, Reich, Seibert, and Walter 
(University of California, Davis). Guest faculty: M. Brant-Zawadzki, H. 
Goldberg (University of California, San Francisco), E. N. C. Milne 
(University of California, Irvine). Category 1 credit: 20 hr. Fee: $360 
physicians; $275 fellows, residents. Information: J. P. McGahan, 
Sacramento Radiology Research and Education Foundation, P.O. 
Box 18184, Sacramento, CA 95819. 


Intermational Conference: MRI and CT of Head and 
Spine 


The-sixth annual Internationel Conference on MRI and CT of the 
Head and Spine will be held in La Napoule, France (French Riviera, 
outside Cannes) September 8-12, 1986, sponsored by Dept. of 
Radiolegy, Hospital of the University of Pennsylvania, in conjunction 
with Dt. G. Salamon, Hôpital de a Timone, Marseille, France. Faculty: 
L. T. Bilaniuk, D. Hackney, R. Zimmerman, C. Manelfe, P. Rabis- 
chong. G. Salamon, S. Raybaud, D. Shaw, G. Scott, J. Vignaud. 
Conference will emphasize a clear understanding of brain and spine 
anatomy and pathology relative to the interpretation of CT and MR 
studies. Category 1 credit: 25 hr (applied). Fee: $475 physician, $350 
residert. Information: Ms. J. Ford, CME Coordinator, Dept. of Ra- 
diology, Hospital of the University of Pennsylvania, 3400 Spruce St., 
Philadelphia, PA 19104; (215) 632-6904. 


Doppler Echocardiography Seminar 


The Doppler Echocardiography Seminar, September 11-1 3, 1986, 
Innisbrook Resort and Golf Club Conference Center, Tarpon Springs, 
FL, spensored by Bowman Gray School of Medicine, will focus on 
Dopple- echocardiography with emphasis on recent developments 
and applications. Correlations with conventional echocardiography 
imaging and hemodynamic measurements will also be presented. 
Program director, F. W. Krenkau. Category 1 credit: 14 hr with 
optiond additional 6 hr. Fee: $350. Information: F. W. Kremkau, 
Center for Medical Ultrasound, Bowman Gray School of Medicine, 
300 S. Hawthorne Road, Winston-Salem, NC 27103; (919) 748- 
4505. 


Paris Ultrasound Symposium 


The second annual Paris Fall Ultrasound Symposium, sponsored 
through the Dept. of Radiology West Park Hospital, Canoga Park, 
CA, wil be held September 20-28, 1986, in Paris, France. Faculty: 
Y. Itzchak, E. A. Lyons, L. Mack J. Moreau. CME 1 credit. Fee: $395 
before July 12, $435 thereafter; $295 for nurses, interns, residents, 
and technicians before July 12, $335 thereafter. Reduced combined 
fees ofred for registrants attending London program. Information: 
Medica Seminars—Fall Ultrasound, 21915 Roscoe Blvd., Suite 222, 
Canoge Park, CA 91304; (818: 701-5143, or (800) MED-TOURS 
outside California. 
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Neuroradiology and Head and Neck Radiology 


Harvard Medical School postgraduate course Basic Review and 
Latest Developments in Neuroradiology and Head and Neck Ra- 
diology will be held September 29-—October 3, 1986, Boston Marriott 
Copley Place, Boston, MA. Program chairman: J. M. Taveras. Cate- 
gory 1 credit: 40 hr. Information: Harvard Medical School, Dept. of 
Continuing Education, Boston, MA 021 14; (617) 732-1525. 


Progress in Impotence: Diagnosis and Therapy 


The University of California, San Diego, and the Urological Re- 
search and Education Fund will present Progress in Impotence: 
Diagnosis and Therapy at the Hotel Intercontinental, San Diego, CA, 
on Septémber 19-20, 1986. This in-depth 2-day interdisciplinary 
symposium will discuss new concepts regarding the physiology of 
erection, the causes of impotence, and radiologic imaging procedures 
in defining causes and therapy of impotence. Radiologic aspects will 
include angiographic research in an animal model, pharmaco-arteri- 
ography, pharmacocavernography, pharmacocavernometry, sonog- 
raphy, MRI, and possibilities of transluminal angioplasty. Workshops 
will be offered in angiography, vascular surgery, and other topics. 
Faculty: |. Goldstein, T. Lue, G. Benson, J. Bookstein, L. Parsons. 
Credit: 13 hr. Fee: $295. Information: Edith Bookstein, Conference 
Management Associates, P.O. Box 2586, La Jolla, CA 92038; (619) 
454-3212 (Pacific Coast Time). 


Yugoslavia Course: Functional Imaging in 
Neurology and Psychiatry 


Second International rCBF Workshop Impact of Functional Im- 
aging in Neurology and Psychiatry will be held in Supetar on the 
island of Brac in Yugoslavia September 29 to October 4, 1986. 
information: S. Knezevic, Dept. of Neurology, University Hospital 
Rebro, Kispaticeva 12, 41000 Zagreb, Yugoslavia. 


Gastrointestinal Cancers 


Current approaches for the diagnosis and treatment of gastroin- 
testinal cancers is the topic of the 30th annual Clinical Conference, 
sponsored by The University of Texas M. D. Anderson Hospital and 
Tumor Institute, Nov. 12-14, 1986 at the Hotel Inter-Continental, 
near the Galleria, Houston, TX. The conference will include compre- 
hensive presentations on colorectal, esophageal, pancreatic, gastric, 
and endocrine neoplasms. Innovative aspects to be discussed include 
chemoprevention of large bowel cancer, genetic counseling, and 
screening of special risk groups, use of monoclonal antibodies in 
diagnosis, and the use of biologic response modifiers. Information: 
Office of Conference Services, Box 131, M. D. Anderson Hospital 
and Tumor Institute, 6723 Bertner Ave., Houston, TX 77030; (713) 
792-3030. 


Thoracic Imaging 


The Society of Thoracic Radiology will present its annual post- 
graduate course: Thoracic Imaging 1987, Feb. 16-19, 1987, in 
Orlando, FL. Program director: E. J. Ferris. Members of Society of 
Thoracic Radiology will be the faculty. Information: R. Dawne Riyals, 
P.O. Box 920113, Norcross, GA 30092; (404) 641-9773. 


1112 


Meeting and Course Review 


For reader convenience, a summary of upcoming meetings and 
courses is provided. Detailed listings appear in the AJR issues noted 
in parentheses. 


Mammography Course, June 2-5, Sept. 8-11, Oct. 20-23, Boston 
(Feb) 

Vanderbilt Courses. Advances in Medical Imaging, June 5-9, 
Kiawah Island, SC, Breast Imaging Symposium, July 25-26, Nash- 
ville (Dec) 

Harvard Course. Coronary Angiography 1986, June 9-12, Boston 
(March) 

Cardiovascular-Musculoskeletal Congress, June 12-15. Salzburg, 
Austria (April) 

Radiology and Nuclear Medicine, course, June 16-20, Charleston, 
SC (March) 

Israel Sonography Symposium, June 20-29, Jerusalem (Feb) 
Imaging at Wimbledon, England, June 21-28 (March) 

International Education Series. Update on Laser Therapy, June 
25-July 3, July 2-10, Heidelberg; Controversies in Medicine, Aug. 
14-22, Aug. 21-29, London (Jan) 

Cavernous Sinus Symposium, June 29-July 3, Ljubljana, Yugoslavia 
(March) 

Sonography Cruise, July 5-12, Alaska (March) 

Weekend Courses. Abnormal Lung Function, July 7-11, Venice; 
Frontiers in Chest Diagnosis, Sept. 22-26, Edinburgh; Bone and 
Genitourinary Imaging, Nov. 3-7, Marbella, Spain (Feb) 

Radiology Update in Scotland, course, July 10-21, Edinburgh and 
Turnberry (Jan) 

Roentgen Revisited Course, July 13-18, Garmisch-Partenkirchen, 
West Germany (March) 

Image Perception Conference, July 17-18, Albuquerque (April) 
Hyperthermia Institute, July 26-Aug. 9, Urbino, Italy (March) 
Computers for Physicians, course. July 27-30, Cape Code, MA 
(March) 

Radiation Oncology Physics, course, July 27-Aug. 1, Oxford, OH 
(Feb) 

Sonography Seminars. Advanced Neurosonology, July 28-30; Ad- 
vanced Applied Ultrasound in Obstetrics, July 31-Aug. 2, both 


NEWS 


AJR: 146, May 1986 


Snowmass, CO (March) 

Pediatric Imaging Course, Aug. 3-6, Colorado Springs (Nov) 
Congress of Asian Association of Radiology, Aug. 7-9, Singapore 
(Dec) 

Top of the World Radiology, course, Aug. 9-06, Great Bear Lake, 
Canada (Dec) 

Diagnostic Imaging Symposium, Aug. 11-14, Newport, RI (March) 
Ultrasound Congress in Denmark, Aug. 19-22, Copenhagen (Oct) 
Radiology Congress in Salzburg, Sept. 7-13 (Feb) 

Organ Imaging Review, Sept. 8-12, Toronto (Feb) 

Australasian Meeting, Sept. 13-19, Singapore (March) 

Masters International Conference. Sept. 21-265, Vienna (April) 
Blood Flow in the Brain, meeting, Sept. 23-25, Glasgow, Scotland 
(Dec) 

Brain Anatomy and MRI, meeting, Sept. 26-27 (April) 

European Symposium, Oct. 1-4, Vienna (March) 

San Diego Courses: Biology and Physics of Radiology, Sept. 1-5; 
Postgraduate Course, Oct. 13-17, San Diego (Oct) 

Indian Radiation Oncology Congress, Dec. 5-7, Bombay (April) 
1987 Radiology Congress, Lisbon, May 31-June 6 (Oct) 

Call for Papers: International Conference on Computer Assisted 
Radiology. Abstract deadline, May 31, 1986: meeting, July 1-4, 
1987, West Berlin (Feb) 








AJR carries announcements of courses. symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledged. Submit items 
for publication typed double spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory | credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 306, La Jolla, CA 92037. 








Classified Advertising 


Positions Available 


RADIOLOGIST: Part-time. Nice, small well- 
located North Carolina town. Jcin 2 in active 
hospital-based, service-oriented practice. Gen- 
eral DX. NM, US, CT—no arteriography. Reply 
with CV to Box B2 AJR (see adcress this sec- 
tion. 5-6a 


PEDIATR®C RADIOLOGIST. Opening in July 
1986 in large metropolitan hospital with large 
pediatric and neonatal practice Practice in- 
cludes CT. MRI, and angio. Call or write Randy 
Greene, M.D., Emanuel Hospital 2801 N. Gan- 
tenbein, Portland, OR 97227-1674; (503) 280- 
4032. 5-68 


DIRECTOR, PEDIATRIC RADIOLOGY. Candi- 
dates sought by Dept. of Radio ogy, St. Louis 
University School of Medicine ard the Cardinal 
Glennon Children’s Hospital. Successful can- 
didate must be board certified in radiology with 
subspecialization in pediatric radiology. A 
record of academic achievement and admini- 
strative ability must be present. Salary will be 
competitive and dependent upon academic rank 
which will be at the level of associate or full 
professor Send curriculum vitae to: John B. 
Shields. M.D., Chairman, Dept. o` Radiology, St. 
Louis University Medical Ctr., 1325 S. Grand St., 
St. Louis. MO 63104. St. Louis University is an 
Equal Opportunity Employer. 5-3a 


STAFF RADIOLOGISTS. The Callege of Physi- 
cians and Surgeons of Columbia University 
is searching for staff rad ologists for 
its angiography division at the Instructor or 
Assistant’ Associate Professor level. Salary and 
academie rank will be commensurate with ex- 
perience and qualifications. Responsibilities 
include patient care, teaching and supervising 
residentsfor Instructor level; research as well as 
demonstrated academic ability in addition for 
Assistant’Associate Professor evel. Require- 
ments inelude board eligibility or certification in 
diagnostic radiology for Instruc or level; board 
certification and at least 2 years of cardiovascu- 
lar and interventional radiology experience for 
AssistantAssociate Professor level. N.Y.S. medi- 
cal license required; narcotics license desirable. 
Please send resume to: David H. Baker, M.D., 
Dept. of Radiology, 622 W. 168tF St., New York, 
NY 10032. Columbia University is an Affirmative 
Action/Equal Opportunity Employer. 5a 


RADIOL@GIST—VA Medical Center, Tuskegee, 
Alabama an 831-bed general medical facility, 
affiliated with Morehouse Schoai of Medicine in 
Atlanta, Georgia, has immediete need for a 
radiologist. Experience in nuclear medicine, 
arteriography, ultrasound and CT desirable. 
Board certification is mandatary. Located in 
East Central Alabama, good climate, mild win- 
ters with abundance of recreaticnal and educa- 
tional opportunities. Salary, including special 
physician's pay, $70,000-$87 ,000/year, with lib- 
eral fringe benefits package. Eq Jal opportunity 
employes. Call 205-727-0550, extension 3645, 
or write: Chief of Staff, VA Medical Center, Tus- 
kegee, AL 36083. 5-8a 


ACADEMIC INTERVENTIONAL radiologist for 
rank of imstructor or assistant professor com- 
mensurate with qualifications. Responsibilities 
include ail aspects of angiograpt y, venography, 
lymphography, interventional, therapeutic pro- 
cedures, teaching, and some administrative 
duties. Requirements include fellowship train- 
ing in an acceptable program, board certifica- 
tion in diagnostic radiology, and full medical 
license in Massachusetts. Contast Victor G. Mil- 
lan, M.D.. Tufts New England Medical Center 
Hospitals, 171 Harrison Ave., Box 253, Boston, 
MA 02111; phone (617) 956-5963. 5-6a 
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JUNIOR FACULTY POSITIONS at Wayne State 
University, Detroit Medical Center, in General 
Radiology. Seeking board certified radiologist 
who will spend 50% of the time in General Radi- 
ology and the remainder in subspecialty inter- 
ests and teaching. Send CV and salary require- 
ments to Thomas L. Slovis, Children’s Hospital 
of Michigan, 3901 Beaubien, Detroit, MI 48201. 
Wayne State University in an equal opportunity/ 
affirmative action employer. Sa 


GI/BODY IMAGING RADIOLOGIST—Univer- 
sity of Massachusetts Medical Center. Position 
has become available at assistant professor 
level beginning July 1, 1986, for a radiologist 
who will have primary responsibility for GI radi- 
ology in an Abdominal Imaging Section. Mini- 
mum requirements include: board certification 
in radiology plus 1 year related fellowship or 
clinical experience in radiology beyond resi- 
dency. A fellowship in GI radiology is desired, 
but not required. Responsibilities will include all 
facets of abdominal imaging with emphasis on 
gastrointestinal radiology. but also including 
genitourinary radiology. CT, and ultrasound as 


well as related research. Responsibilities will 


also include resident and medical student in- 
struction. Salary is negotiable and competitive. 
Applicant must be licensed or able to attain 
license to practice medicine in state of Massa- 
chusetts. Send letters and curriculum vitae to: 
Edward H. Smith, M.D., Professor and Chair, 
Dept. of Radiology, University of Massachu- 
setts Medical Ctr., 55 Lake Ave. N., Worcester, 
MA 01605-2397. The University of Massachu- 
setts Medical Center is an affirmative action/ 
equal opportunity employer. 5ap 


PULMONARY RADIOLOGIST. Temple Univer- 
sity School of Medicine seeks a senior board 
certified radiologist at the professor or asso- 
ciate professor level with a primary interest in 
pulmonary radiology. Candidate shall be profi- 
cient in all areas of clinical practice in pulmo- 
nary radiology, have demonstrated skills as a 
teacher, and have an established reputation in 
research with current grant funding. 

ABDOMINAL IMAGING-GU radiologist. 
Temple University School of Medicine seeks a 
board certified radiologist at the associate/ 
assistant professor level with a primary interest 
in genitourinary radiology and an overall inter- 
est in abdominal imaging including body CT, 
ultrasound, and GI fluoroscopy. Candidate 
should be proficient in all areas of the radiologic 
practice of genitourinary radiology, and have 
demonstrated skills as a teacher and have an 
established reputation in research. 

Applicants should send CV and bibliography 
along with 3 letters of recommendation to Fran- 
cis J. Shea, M.D., Director of Radiology, Temple 
University School of Medicine, Broad & Ontario 
Sts., Philadelphia, PA 19140. Temple University 
is an equal opportunity/affirmative action em- 
ployer. 5a 


PEDIATRIC RADIOLOGIST—Faculty appoint- 
ment available for atrained pediatric radiologist 
in the Dept. of Radiology and Radiological 
Sciences at Vanderbilt University Medical Ctr. 
as of July 1, 1986. Send curriculum vitae to 
Richard M. Heller, M.D., Dept. of Radiology and 
Radiological Sciences, Vanderbilt University 
Medical Ctr., Nashville, TN 37232. 5-6a 


DIAGNOSTIC RADIOLOGIST wanted to joina 
large hospital and office practice in Florida. 
Applicant must be skilled in all aspects of radi- 
ology. Special skills in neuroradiology desira- 
ble. Send CV to Radiology Practice, P.O. Box 
17257, Tampa, FL 33682-7257. 4-5a 


BOARD CERTIFIED RADIOLOGIST(S) needed 
for rapidly growing comprehensive outpatient 
diagnostic imaging center located in a major 
Southeastern metropolitan city. All imaging 
modalities, including outpatient angiography 
and fine needle aspiration biopsies are per- 
formed. with the exception of MRI (which is 
anticipated within 12-18 months.) Fellowship 
training in MRI would be helpful. Physician 
couples are encouraged. Please enclose CV 
with initial inquiry. Respond Box A5 AJR (see 
address this section). 4-7a 


DIAGNOSTIC RADIOLOGIST, South Texas, 
join hospital-based group. Excellent salary and 
early partnership available. All diagnostic mo- 
dalities except MRI. Send CV to Box A7 AJR 
(see address this section). 4xa 


AMERICAN-TRAINED RADIOLOGIST to work 
in salaried position in 6-member, multispecialty 
group radiology practice in office and hospital 
setting in metropolitan New York area Reply 
Box K10 AJR (see address this section) 3xa 


BOARD CERTIFIED RADIOLOGISTS—to join 
11 member department in 625 bed hospital. 
Desire persons with expertise in nuclear medi- 
cine, neuroradiology, and MRI. Have active 
residency program and are in the process of 
installing MRI. Please send resume to Heber E. 
Yeagley, M.D., Dept. of Radiology, Reading 
Hospital and Medical Center, Reading, PA 
19603. 4-5a 


ISRAEL. DIAGNOSTIC RADIOLOGY. Oppor- 
tunities for 3-4 week or longer working vaca- 
tions ina number of Israeli medical centers, ona 
volunteer basis. Positions varied, arrangements 
flexible. For information contact: Jonathan H. 
Fish, M.D., 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596; (415) 947-0560. 2-7a 


BOARD CERTIFIED RADIOLOGIST seeks an 
associate to service a 40-man multispecialty 
group and 155-bed med-surg hospital, all part 
of a medical center complex. Excellent oppor- 
tunity to practice state-of-art imaging with CT, 
ultrasound, arteriography, and nuclear cardiol- 
ogy (no MRI). Experience in therapeutic radiol- 
ogy optional. The facility is located in a city of 
45,000, just 40 miles from a major metropolitan 
center in the midwest area of the country. Initial 
guarantee generous and early partnership is 
anticipated. Send CV. Reply Box J1 AJR, 2223 
Avenida de la Playa, Suite 306, La Jolla, CA 
92037. 2-5a 


RADIOLOGIST—A rapidly expanding pre-paid 
health plan is seeking a board eligible/certified 
radiologist to join current radiologist in provid- 
ing services within our multi-specialty group. 
Modern intensively-equipped facilities, growing 
radiology demands. We will provide quality 
support staff, benefits, and incentive programs. 
Please send CV to: HealthAmerica, £701 W. 
Sunrise Blvd., Plantation, FL 33313 or call Fran- 
ces Grant, Medical Staff Coordinator (305) 581- 
5008, ext. 323. Equal Opportunity Employer. 
5-8ap 


Positions Desired 


RADIOLOGIST, 54, locum or permanent, board 
certified. All procedures. No agency fees. Ad- 
ministrative and academic experience as chief. 
University trained. Respond Box B15 AJR (see 
address this section). 5bp 


RADIATION THERAPIST, also qual'fied in 
diagnostic radiology including CT and interven- 
tional procedures, seeks employment with 
group or hospital-based physicians. Available 
immediately. Reply to Box A9 AJR (see address 
this section). 4-5bp 
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RADIOLOGIST wants to purchase contract 
with 100-125 bed hospital or outpatient clinic. 
Prefer Midwest or East. Reply Box B11 AJR (see 
address this section). 5b 


BOARD CERTIFIED DIAGNOSTIC radiologist. 
Have completed 3 formal postgraduate fellow- 
ships in nuclear medicine, CT/US, and neuro- 
radiology/MR. Extensive practical angiography 
experience. Flexible starting date. Reply Box K4 
AJR (see address this section). 3-6b 


Tutorials/Courses 


11th ANNUAL INTERNATIONAL BODY Imag- 
Ing Conference, Kauali, Hawalli, Oct. 19-23, 
1988. Diagnostic medical Imaging, CME Cate- 
gory | accreditation. Information: Body Imaging 
Conference, 21915 Roscoe Bivd., Sulte #222, 
Canoga Park, CA 91304; telephone (818) 701- 
5143. 5-10d 


ALASKA '86—Crulse the Inland Passage, July 
5-12, 1986. CME i credit. Topics in ultrasound 
with Barry B. Goldberg, M.D. Registration U.S. 
$385 unt April 12, after U.S. $425. For addi- 
tional Information write or call ALASKA ‘86— 
Medical Seminars international, 21915 Roscoe 
Blvd., #222, Canoga Park, CA 91304; (800) 
MED-TOUR or (818) 701-5143. 1-6d 


JERUSALEM, {SRAEL—Ultrasound Symposi- 
um, June 20-29, 1986. Category | CME program 
presented in cooperation with the israeli Ultra- 
sound Society by an International faculty. Fee 
to April 1986: U.S. $425, thereafter U.S. $460. 
information: Medical Seminars Intemational, 
21915 Roscoe Blvd., #222, Canoga Park, CA 
91304; (800) MED-TOUR or (818) 340-0580, ext 
280. 1-6d 


LONDON, ENGLAND—PARIS, FRANCE. Sec- 
ond Annual Fail Ultrasound Symposia. Sept. 
20-28, 1986. Attend 1 or both symposia. Cate- 
gory | credit. Renowned faculty. Fee: U.S. $395 
before July 18; U.S. $450 thereafter. Combined 
fee: U.S. $450 before July 18; U.S. $495 there- 
after. Reduced fees for Interns, residents, and 
tachnicians. Information: Medical Seminars 
international, 21915 Roscoe Bivd., Suite #222, 
Canoga Park,’ CA 91304; (800) MED-TOUR 
(outside California) or (818) 701-5143. 4-9d 


CLASSIFIED ADVERTISING 


THE UNIVERSITY OF MINNESOTA, Dept. of 
Radiology will present its 49th Annual! Continu- 
ation Course, Sept. 8-12, 1886 in Minneapolis. 
23 guest faculty will participate in this 5-day, 
comprehensive review. This year’s subject, 
Gastrojntestinal and Abdominal Imaging and 
Intervention, will Include topics devoted to 
stressing both conventional diagnostic tech- 
niques and advanced imaging modalities in- 
cluding nuclear, computed tomography, and 
magnetic resonance scanning. There will be 
strong emphasis on interventional techniques 
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in the abdomen including oiopsy and drainage 
and biliary, angiographic and enteric proce- 
dures. in addition, 1 day will be set aside for 
prospective presentations in all subspecialty 
areas of radiology by the leaders in the field. 
Registration fee: $450 (inculre about reduced 
fee for medical fellows, milltary personnel, and 
VA physicians). 28 hr Caregory 1 credit. For 
information contact Audmy Chan, Registrar, 
Continuing Medical Education, University of 
Minnesota, Box 202, 420 Delaware St SE, 
Minneapolis, MN 55455; (612) 626-5625. 5-7d 


‘AJR Classified Advertising Information 


Box Responses and Address for Ad Placement 


Write Box 
459-2229, 


How to Place an Ad 


AJR, Suite 306, Avenida de la Playa, La Jolla, CA 92037; (619) 


AJR accepts classified advertising for Positions Available, Positions Desired, 
Fellowships and Residencies, and Tutoriais/Courses, Ads are accepted by mail or 
telephone. Institutions should supply purchase orders. 

Rates. $6.00/line with a $30 minimum charge. Box service is $10 additional for 
each month the ad appears. There are discounts for multiple insertions: 10% for 2-3 
insertions; 20% for 4 or more. To estimate lines, count all words anc divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadiines. About 3 weeks before the Issue mails. AJA issues mail in the middle of 
the month preceding the cover date (e.g., July malls June 17). For specific dead- 
Iines, write or telephone the AJR editorial office. 


Estimating Ad Charges 
Line charge: divide total words by 5.5 and multiply by $6.00 


Multiple insertions? If so, multiply by number 


Subtotal 


Box response requested? If so, multiply number of months by 


Subtotal 


Discount applles to two or more insertions. Subtract 10% if ad 
appears 2-3 months, 20% if 4 months or more 


Approximate advertising charge 





American Journal of Neuroradiology 






American Journal of 
Neuroradiology 


Editor: Juan M. Taveras, MD, Harvard Medical 


School: MGH Cavernous Sinus Invasion by Pituitary Adenomas by 

| Jamshid Ahmadi, et al. 
l Outstanding clinical papers on every aspect of CNS Sonography of the Internal Capsule and Basal Ganglia in 
imaging, including spinal diagnosis... informed coverage Infants: 1. Coronal Sections by Thomas P Naidich, et ai. 
of head and neck radiology ...clear, readable CTs, angio- Iohexol vs. Metrizamide: Study of Efficacy and Morbidity in 
graphs, MR imaging and ultrasound studies. These are Cervical Myelography by Richard E. Latchav, et al. 
the features you demand of a quality professional journal. Superselective Injection of Polyvinyl Alcohol Microemboli for 
You'll find them in every issue of AJNR: American the Treatment of Cerebral Arteriovenous Malformations by 
Journal of Neuroradiology. Giuseppe Scialfa and Giuseppe Scott. 

As you are called upon to perform and interpret more If you can benefit from articles like these, then you should 
and more sophisticated diagnostic tests — from myelog- be a regular reader of AJNR. Use the attached coupon to 
raphy to CT to newborn ultrasound studies — you need a subscribe today. 
comprehensive, reliable journal that can keep you abreast : 
of all the latest developments. Each bimonthly issue of Bimonthly a Ea _ 
AJNR brings you timely, clinically pertinent informa- Personal $95/yr Institutions $115/yr In-training $65/yr 
tion, as well as important clinical research presented (add $15.00 outside the US) 


with an eye toward immediate practical application. 
ORDER FREE BY PHONE. Just call 


Here are just a few of the many excellent articles from 1-800-638-6423 from an . : 
e - : ywhere in the US except 
the November/December 1985 issue: TE AK and HI. MD residents, call 528-4105 collect. 


Contrast-Enhanced MR Imaging of Malignant Brain Tumors 
by Moshe Graif, et al. 


MR Imaging of Cerebral Vascular Malformations by Williams & Wilkins 


Benjamin C. P. Lee, et al. l 
Cranial Computed Tomography in the Abused Child with PAA OE ES, CAUMO: MAVE 


Head Injury by Ronald A. Cohen, et al. 266 Fulham Road London SW10 9EL England 


Subscribe to AJNR tor 3 years and SAVE 


Avoid future rate increases and ensure uninterrupted 


service by placing a multi-year subscription at current Name 
rates. 
O New subscription O Renewal Address 
O 3 yrs Q 2 yrs Ci iver 

> all . K — > G Wal Ta r/ `t: 3 j 
O Personal $95 O Institutions $115 O In-training $65 City/State/Zip 
é $15.00 side the US : so ‘ 
(add $15. outside the US) MD residents, please add 5% sales tax. Subscription orders from outside the US must 
O Also send me the 1986 Bound Volume at $45.00 ($50.00 outside the be prepaid in US dollars only. 
US). $2.00 discount for orders pleced before October k, 1985, and for pre- Residents, Fellows, Interns, and Students: when applying for the in-training rate, 
paid orders. I understand that th2 bound volume is in addition to my available for 3 years, please specify name of institution and training status. Rates 
regular subscription and is available only to subscribers. (To be shipped valid through October 31, 1986. 
in early 1987. Sorry, bound volumes for years prior to 1985 are not avail- Please allow 8 weeks for order processing and delivery of your first issue. Surface 
able.) All bound volume orders mast be received by December 31, 1986 mail delivery to countries outside the US may take up to 16 weeks. Airmail rates 


available upon request. 


O Check enclosed C) Bill me 


O VISA O MasterCard O American Express Wi a TT 
illiams & Wilkins 
card # exp P.O. Box 1496 
oe Baltimore, Maryland 21203 
signature/P.O. # 266 Fulham Road 
London SW10 9EL 
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WELLINGTON HOSPITAL BOARD 
WELLINGTON CLINICAL SCHOOL OF MEDICINE 
CONSULTANT RADIOLOGISTS 


PRINCIPAL RADIOLOGIST—Applications are invited from medical practi- 
tioners for the post of principal radiologist to the Wellington Hospital Board. 
Applicants must either be registered in New Zealand or hold qualifications entitling 
them to registration, and before commencing duties must have received New Zeland 
registration and hold a current practising certificate. The appointee is required to 
have an appropriate higher qualification and experience entitling the applicant to 
specialist status with the medical council of New Zealand. Where any doubt exists 
about registration, enquiries should be addressed to the medical superintend 
chief. 


The board's radiological services serve an immediate population of 337,200 together 
with a wider population of | million in total. for the specialties of cardiac surgery, 
neurosurgery, plastic surgery, renal dialysis and transplantation and all the associated 
clinical services. 


ant-in- 


The principal radiologist is responsible to the medical superintendant-in-chief for 
the administration and control of all organ imaging services in the board's hospitals. 


RADIOLOGISTS— Applications are also invited from medical practitioners for 
the posts of consultant radiologists to the Wellington Hospital Board. Applicants 
are required to be eligible for registration in New Zealand and hold an appropriate 
higher qualification. 


Salary will be from NZ#52,600 to NZ#66,400 a year of the specialists automatic 
salary scale. Four additional merit steps are available subject to grading committee 
approval—NZ#70,900 to NZ#87,500 P.A. an additional duties supplement up 
to a maximum of 10$ of basic salary is payable for hours worked in excess of 40 
hours per week. An allowance for teaching responsibilities in the clinical school may 
also be payable. 


Application forms and conditions of appointment may be obtained from the chief 
executive, Wellington Hospital Board, P.O. Box 10245. Wellington, New Zealand. 
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SPR CAFFEY AWARD PAPER 


895 The metaphyseal lesion in abused infants: a radio- 
logic-histopathologic study. Kleinman PK, Marks SC, 
Blackbourne B 


MAGNETIC RESONANCE IMAGING 


907 Overview of MR of the heart— 1986. Higgins CB 

919 Estimation of pulmonary vascular resistance by MRI in 
patients with congenital cardiovascular shunt le- 
sions. Didier D, Higgins CB 

925 MRI of reperfused myocardial infarct in dogs. Tscho- 
lakoff D, Higgins CB, Sechtem U, Caputo G, Derugin N 

931 MRI of blood flow: correlation of image appearance 
with spin-echo phase shift and signal intensity. Va/k 
PE, Hale JD, Crooks LE, Kaufman L, Roos MS, Ortendahl 
DA, Higgins CB 

941 MRI of congenital abnormalities of the great arteries. 
Fletcher BD, Jacobstein MD 

949 Vascular imaging with MRI: inadequacy in Takayasu’s 
arteritis compared with angiography. Miller DL, Reinig 
JW, Volkman DJ 

955 MRI of Wilms’ tumor: promise as the primary imaging 
method. Belt TG, Cohen MD. Smith JA, Cory DA. 
McKenna S, Weetman R 

963 _The diffusion of MRI: patterns of siting and ownership 
in an era of changing incentives. Hillman AL, Schwartz 
JS 

971 Chemical shift imaging: a review. Brateman L 


CARDIOTHORACIC RADIOLOGY 


981 Bronchopulmonary lavage in pulmonary alveolar pro- 
teinosis: chest radiograph observations. Gale ME, 
Karlinsky JB, Robins AG 

987 Thoracic aortic rupture: advantages of intraarterial dig- 
ital subtraction angiography. Mirvis SE. Pais SO. Gens 
DR 


GASTROINTESTINAL RADIOLOGY 


993 Single-contrast vs double-contrast barium enema in 
the detection of colonic polyps. Ott DJ, Chen YM, 
Gelfand DW, Wu WC, Munitz HA 
997 Thorotrast-induced hepatosplenic neoplasia: CT iden- 
tification. Levy DW, Rindsberg S, Friedman AC. et al. 
1005 Hepatocellular carcinoma presenting as primary extra- 
hepatic mass on CT. Longmaid HE Ill, Seltzer SE, 
Costello P, Gordon P 
1011 Sonography of diffuse benign liver disease: accuracy 
of pattern recognition and grading. Needleman L, 
Kurtz AB, Rifkin MD, Cooper HS, Pasto ME, Goldberg 
BB 
1017 Prepancreatic fat deposition: a possible pitfall in pan- 
creatic sonography. Op den Orth JO 


FETAL RADIOLOGY 

1019 Limb-body wall complex: in utero sonographic diag- 
nosis of a complicated fetal malformation. Patten 
RM, Van Allen M, Mack LA, Wilson D, Nyberg D. Hirsch 
J, Viamont T 


INTERVENTIONAL RADIOLOGY 


1025 Long-term results of superficial femoral artery angio- 
plasty. Hewes RC, White Al Jr, Murray RR, et al. 

1031 Angiographic treatment of gastrointestinal hemor- 
rhage: comparison of vasopressin infusion and em- 
bolization. Gomes AS, Lois JF, McCoy RD 

1038 Serial embolizations of an extremity arteriovenous 
malformation with alcohol via direct percutaneous 
puncture. Yakes WF, Pevsner P, Reed M, Donohue HJ, 
Ghaed N 

1041 CT features of intraabdominal CAN prediction 
of successful percutaneous drainage. Jaques P, 
Mauro M, Safrit H, Yankaskas B, Piggatt B 

1047 Transrectal pelvic abscess drainage with sonographic 
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Abstract 
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Units (SI) in parentheses when appropriate; for example, 400 rad (4 
Gy). 


Results 


Present results in logical sequence. If tables are used, do not 
duplicate tabular data but do describe important points and trends. 
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Tables 


Tables should be concise and organized to show trends, not merely 
compilations of raw data. (Tre Editor may request that tables of 
backup data too extensive to be published be deposited with the 
National Auxiliary Publications Service or made available by the 
author.) Include only data pertinent to the subject. Long itemized 
case histories are better presented in the text as Case reports or 
summaries. Do not repeat in tabular form material presented in the 
text. Tables should have titles and headings, but no vertical or 
horizontal rules. 


Illustrations 


Figures should be submitted as 13 x 18 cm (5 x 7 inch) glossy, 
black-and-white prints, untrimmed and unmounted. Labels and ar- 
rows must be of professional quality and removable. Number each 
figure to correspond with the figure legends and indicate the top. 
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publication of facial photographs of patients or for previously pub- 
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handling. Color illustrations will be used at the discretion of the Editor; 
send color prints. Firm estimates of cost will be sent to the author(s) 
for approval before publication. Identical anatomic structures in color 
prints should be the same size to facilitate reproduction and reduce 
cost. 


Legends 


Figure legends should carry a title identifying the message of the 
illustration and the case number if individual cases are described in 
the text. Legends should be as brief as possible for the informed 
reader to understand the figure. Detailed clinical data should be 
avoided. Legends for previously published illustrations should cite 
the reference number of the source (e.g., Reprinted from [8]). 


Organization of Case Reports 


Concise case reports will be considered for publication if they 
present unusual experiences that are medically important and instruc- 
tive. Clarity and brevity are essential. After preliminary screening by 
an editor to determine whether the requirement of medical signifi- 
cance has been met, qualifying papers will undergo the same peer 
review as major papers. To facilitate planning the order and layout of 
each issue, case reports are limited in length to two journal pages. 
The introduction should be one short paragraph that gives some 
general background of the disorder and the specific interest and 
message of the case presented. Only one case should be described 
in detail. The case report should concentrate on the radiologic infor- 
mation and its usefulness. The discussion should focus on the specific 
message of this report and the relevance of radiology in this instance. 
if the author has encountered other cases, they may be briefly 
mentioned, and possibly illustrated, but not described in detail. There 
should be no more than eight references. The figures should be 
limited to the minimum required to document the case findings, 
probably not more than four pictures, each a column wide (or the 
equivalent). Excess illustrations would require severely shortening 
the text. Figure legends should be as short as possible and should 
not repeat the text. There can be no tables and no acknowledgments. 
See previous sections for detailed instructions regarding references 
and illustrations. 
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lished articles should be objective and constructive. Letters also may 
discuss matters of general interest to radiologists. 
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ATrue “Ratio 3”Agent with 
a unique chemical structure 


The osmolality of contrast media is determined by the 
number of particles in solution: the more particles per kilo- 
gram of water, the higher the osmolality. Conventional con- 
trast media (ratio 1.5 agents) have a ratio of 3 iodine atoms 
for every 2 particles in solution and an osmotic activity 

of 5 to 8 times that of human plasma, depending on their 
iodine concentration. 


Hexabrix: Low Osmolality (600 mOsm/Kg H20) 
Hexabrix achieves lower osmolality by decreasing the 
number of particles in solution while maintaining the con- 
centration of iodine for radiographic quality. It is a true “ratio 
3” agent as it provides double the number of iodine atoms 
(6) for every 2 osmotically active particles in solution 
(6:2 or 3:1). Theoretically, the osmolality of Hexabrix should 
be 12 that of a conventional (ratio 1.5) agent at the same 
iodine concentration. In actuality, however, the osmolality 
of Hexabrix is less than '2 that of such conventional ionic 
_contrast media. This further reduction in osmolality is attributed 
~ to submicroscopic aggregation of particles in solution. 


The Hexabrix Structure 


Hexabrix, an ionic monoacid dimeric contrast medium, 
accomplishes a reduction in osmclality through a unique 
chemical structure; it provides 6 iodine atoms per 2 particles in 
solution (6:2 or 3:1), and an iodine content of 32% or 320 mg/ml. 
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Hexabrix: Responding 
to physician concerns 


REDUCED PAIN 


éé loxaglate fulfilled our requirements as a contrast medium 
for use in femoral angiography in severely arteriosclerotic 
patients as it significantly reduced the pain and discom- 
fort felt by the patients and enabled them to stay calm 
during the examination.”! 


REDUCED HEAT 

$ In a study involving carotid arteriography in 33 patients, 
“30 patients preferred the ioxaglate solution [Hexabrix] 
which caused significantly less sensation of heat.”? 
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stabilizer. The solution contains 3.48 mg (0.15 mEq) sodium in each 
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HEXABRIX is contraindicated for use in myelography 
Refer to PRECAUTIONS, General, concerning hypersensitivity 


WARNINGS 


Serious or fatal reactions have been associated with the administration 
of odine containing radiopaque media. It is of utmost importance to be 
completely prepared to treat any contrast medium reaction. 

As with any contrast medium, serious neurologic sequelae, including 
permanent paralysis, can occur following cerebral arteriography, selective 
spinal artenography and artenography of vessels Supplying the spinal 
cord. The injection of a contrast medium should never be made following 


the administration of vasopressors since they strongly potentiate neuro- 


logic effects. 

A definite risk exists in the use of intravascular contrast agems in 
patients who are known to have multiple myeloma. \n such instances 
anuria has developed resulting in progressive uremia, renal failure and 
eventually death. Although neither the contrast agent nor dehydration 
has separately proved to a the cause of anuria in myeloma, it has been 
speculated that the combination of both may be causative factors. The 
risk in myelomatous patients is not a contraindication to the procedure: 
however, partial dehydration in the preparation of these patients for the 


examination Is not recommended since this may predispose to precipita- 
tion of myeloma protein in the renal tubules. No form of therapy, includ- 


ing dialysis, has been successful in — the effect. Myeloma, 
which occurs most commonly in persons over 40, should be considered 
before instituting intravascular administration of contrast agents. 


Admmustration of radiopaque matenals. to patients known or sus- 


pected to have pheochromocytoma should be performed with extreme 
caution. \f, in the opinion of the physician, the possible benefits of such 


procedures ae d the considered risks, the procedures may be per- 


formed; however, the amount of radiopaque medium injected should be 
kept to an absolute minimum. The blood pressure should be assessed 
throughout the procedure, and measures for treatment of a hypertensive 
crisis should be available 

Since intravascular administration of contrast media may promote 
sickling in individuals who are homozygous for sickle cell disease, fluid 
restriction is not advised. 

In patients with advanced renal disease, iodinated contrast media 


should be used with caution and only when the need for the examina- 


tion dictates, since excretion of the medium may be impaired. Patients 


with combined renal and hepatic disease, those with severe hyperten- 


sion or congestive heart failure and recent renal transplant recipients 
presem an additional risk. 
Renal failure has been reported in patients with liver dysfunction 


who were given an oral cholecystographic agent followed by an intra- 


vascular iodinated radiopaque agent and also in patients with occult 
renal disease, notably diabetics and hypertensives. In these classes of 
patients there should be no fluid restriction and every attempt made to 
maintain normal hydration, prior to contrast medium administration, since 
dehydration is the single most important factor influencing further renal 
impairment. 

Caution should be exercised in performing contrast medium studies 
in patients with endotoxemia and/or those with elevated body temperatures 

Reports of thyroid storm occurring following the intravascular use ot 
iodinated radiopaque agents in patients with hyperthyroidism or with an 
autonomously functioning thyroid nadule, suggest that this additional risk 
be evaluated in such patients before use of this drug. lodine-containing 
contrast agents may alter the results of thyroid function tests which 
depend on iodine estimation, e.g., PBI, and may also affect results of 
radioactive iodine uptake studies. Such tests, if indicated, should be 
performed prior to the admunistration of this preparation 


PRECAUTIONS 


Diagnostic procedures which involve the use of iodinated intravascular 
contrast agents should be carned out under the direction of personnel 
skilled k experienced in the particular procedure to be performed. All 
procedures utilizing contrast media carry a definite risk of producin 
adverse reactions. While mast reactions are minor, life-threatening a 
fatal reactions may occur without warning, and this risk must be weighed 
against the benefit of the procedure. A fully equipped emergency cart, or 
equivalent supplies and equipment, and personnel competent in recog- 
nizing and treating adverse reactions of all types should always be 
available. If a serious reaction should occur, immediately discontinue 
administration. Since severe delayed reactions have been known to 
occur, emergency facilities and competent personnel should be available 
for at least 30 to 60 minutes after administration (See ADVERSE 
REACTIONS). 

Preparatory dehydration is dangerous and may contnbute to acute 
renal failure in the elderly, patients with pre-existing renal insufficiency, 
patients with multiple myeloma, patients with advanced vascular disease 
and diabetic patients 
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Acute renal failure has been reported in diabete patients with dia- 
beuc nephropathy and in susceptible non-diabetic patients (often elderly 
with pre-existing renal disease) following the administration of iodinated 
contrast agents. Therefore, careful consideration of the potential risks 
should be given before performing this radiographic procedure in these 
patients. 

Severe reactions to contrast media often resemble allergic responses 
This has prompted the use of several provocative pretesting methods, 
none of which can be relied on to predict severe reactions. No conclu- 
sive relationship between severe reactions and antigen-antibody reac- 
lions or other manifestations of allergy has been established. The possibility 
of an idiosyncratic reaction in patients who have previously received a 
contrast medium without ill effect should always be considered. Prior to 
the injection of any contrast medium, the patient should be questioned 
to obtain a medical history with emphasis on allergy and hypersensitiv- 
ity. A positive history of bronchial asthma or allergy (including food), a 
family history of allergy, or a previous reaction or hypersensitivity t0 a 
contrast agent may imply a greater than usual risk. Such a history may 
be more accurate than pre-testing in predicting the potential for reaction, 
although not necessarily the severity or type of reaction in the individual 
case. A positive history of this type does not arbitrarily contraindicate the 
use of a contrast agent when a diagnostic procedure 1s thought essen 
tial, but does call for caution (See ADVERSE REACTIONS). 

Prophylactic therapy including corticasteroids and antihistamines should 
be considered for patients who present with a strong allergic history, a 
previous reaction to a contrast medium, or a positive pre-test since in 
these patients the incidence of reaction 1s two to three times that of the 
general population. Adequate doses of corticosteroids should be started 
early enough pnor to contrast medium injection to be effectwe and 
should continue through the time of injection and for 24 hours after 
injection. Antihistamines should be administered within 30 minutes of 
the contrast medium injection. Recent reports indicate that such pre- 
treatment does not prevent serious life-threatening reactions, but may 
reduce both their incidence and severty. A separate syringe should be 
used for these injections. 

General anesthesia may be indicated in the performance of some 
procedures in selected patients; however, a higher incidence of adverse 
reactions has been reported in these patients, and may be attributable to 
the inability of the patient to identity untoward symptoms or to the 
hypotensive effect of anesthesia which can prolong the circulation time 
and increase the duration of contact of the contrast agent. 

Cerebral angiography should be performed with special caution in 
patients with advanced arteriosclerosis, severe hypertension, cardiac 
decompensation, senility, recent cerebral thrombosis or embolism, and 
migraine 

Moderate decreases in blood pressure occur frequently with intra 
artenal (brachial) inections. This change is usually transient and requires 
no treatment; however, the blood pressure should be monitored for 
approximately ten minutes following injection. During peripheral arteriog 
raphy, extreme caution during injection of the contrast agent is necessary 
to avoid extravasation and fluoroscopy is recommended. This is espe- 
cially important in patients with severe arterial disease. 

Selective coronary arteriography with or without left ventriculogra- 
phy should not be performed for approximately two weeks following the 
diagnosis of myocardial infarction. Mandatory prerequisites to the proce- 
dure are experienced personnel, ECG monitoring apparatus and adequate 
facilities for immediate resuscitation and cardioversion. Patients should 
be monitored continuously by ECG and vital signs throughout the procedure 

Angiography should be avoided whenever possible in patients with 
homocystinuria because of the risk of inducing thrombosis and embolism 

Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term 
animal studies have been performed to evaluate carcinogenic potential 
However, animal studies suggest that this drug is not mutagenic and 
does not affect fertility in males or females. 

Pregnancy Category 8: Reproduction studies have been performed in 
rats and rabbits at doses up to two times the maximum aduh human 
dose, and have revealed no evidence of impaired fertility or harm to the 
fetus due to HEXABRIX. There are, however, no adequate and well 
controlled studies in pregnant women. Because animal reproduction stud- 
ies are not always predictive of human response, this drug should be 
used during pregnancy only if clearly needed. 

Nursing Mothers: \oxagiate salts are excreted unchanged in human 
milk Because of the potential for adverse effects in nursing infants, 
bottle feedings should be substituted for breast feedings for 24 hours 
following the administration of this drug. 

Pedatne Use: Safety and effectiveness in children have not been 
established 


ADVERSE REACTIONS 


Adverse reactions to injectable contrast media fall into two categones 
chemotoxic reactions and idiosyncratic reactions 

Chemotoxic reactions result from the physio-chemical properties of 
the contrast media, the dose and the speed of injection. All hemodynamic 
disturbances and injunes to organs or vessels perfused by the contrast 
medium are included in this category 

Idiosyncratic reactions include all other reactions. They occur more 
frequently in patients 20 to 40 years old. Idiosyncratic reactions may or 
may not be dependent on the dose injected, the speed of injection, the 
mode of injection and the radiographic procedure. Idiosyncratic reactions 
are subdivided into minor, intermediate and severe. The minor reactions 
are self-limned and of short duration, the severe reactions are life- 
threatening and treatment is urgent and mandatory 


Mallinckrodt 
® 





NOTE: Not all of the following adverse reactions have been reported 
with HEXABRIX. Because HEXABRIX is an iodinated intravascular con- 
trast agent, all of the side effects and toxicity associated with agents of 
this class are theoretically possible, and this should be borne in mind 
when HEXABRIX is administered. 

Fatalities have been reported following the administration of 
HEXABRIX as well as other iodine-containing contrast agents. Based 
upon clinical Iterature, the incidence of death for lodine-containing con- 
trast agents is reported to range from one in 10,000 (0.01 percent) to 
less than one in 100,000 (0.001 percent) Expenence with HEXABRIX is 
limited, but mortality rates from foreign experience do not Suggest a 
higher risk. 

The most frequent adverse reactions are nausea, vomiting, facial 
flush and a feeling of body warmth. These are usually of brief duration 
In double-blind clinical trials, HEXABRIX oroduced less discomfort upon 
injection (pain and heat) when compared to vanous other contrast agents. 
Other reactions include the following: 

Hypersensitivity reactions: Dermal maavestations of urticana with or 
without pruritus, erythema and maculopapular rash Dry mouth. Sweat- 
ing. Conjunctival symptoms. Facial, peripheral and angioneurotic edema 
Symptoms related to the respiratory system include sneezing, nasal 
stuffiness, coughing, choking, dyspnea, chest tightness and wheezing, 
which may be initial manifestations of more severe and infrequent reac- 
lions including asthmatic attack, laryngaspasm and bronchospasm with 
or without edema, pulmonary edema, apnea and cyanosis Rarely, these 
allergic-type reactions can progress inte anaphylaxis with loss of con- 
sciousness, Coma, severe cardiovascular (disturbances, and death 

Cardiovascular reactions: Generalzed vasodilation, flushing and veno- 
spasm. Occasionally, thrombosis or, rarety, thrombophlebitis Extremely 
rare cases of disseminated intravascular coagulation resulting in death 
have been reported. Severe cardiovascular responses include rare cases 
of hypotensive shock, coronary insufficiency, cardiac arrhythmia, fibrilla- 
lion and arrest. These severe reactions are usually reversible with prompt 
and appropriate management; however, fatalities have occurred 

Techmque reactions: Extravasauon with burning pain, hematomas, 
ecchymosis and tissue necrosis, vascular constnetion due to injection 
rate, thrombosis and thrombophlebitis 

Neurological reactions: Spasm, conwulsions, aphasia, syncope, pare- 
SIS, paralysis | from spinal cord injury and pathology associated 
with the syndrome of transverse myelitis, visual field losses which are 
usually transient but may be permanent, coma and death. 

Other reactions: Headache, trembling, Shaking, chills without tever, 
hyperthermia and lightheadedness. Temporary renal shutdown or other 
nephropathy. 

The major causes of cerebral artenoaraphic adverse reactions appear 
t0 be repeated injections of the contrast material, administration of doses 
higher than those recommended, the presence of occlusive atheroscle- 
rotic vascular disease and the method and technique of injection. Adverse 
reactions are normally mild and transient. A feeling of warmth in the 
face and neck is frequently experienced. Infrequently, a more severe 
burning discomfort is observed. sce visual hallucinations have been 
reported. Serious neurological reactions that have been associated with 
cerebral angiography and not listed under Adverse Reactions, Neurologi- 
cal, include stroke, amnesia and respiratory difficulties. Visual field defects 
with anopsia and reversible neurological:deficat lasting from 24 hours to 
48 hours have been reported. Confusian, disonentation with hallucina- 
uon, and absence of vision sometimes tasting for one week have also 
been reported. Cardiovascular reactions that may occur with some fre- 
quency are bradycardia and either an increase or decrease in systemic 
blood pressure. The blood pressure change is transient and usually 
requires no treatment 

Following peripheral artenography, kemorrhage and thrombosis have 
occurred at the puncture site of the percutaneous injection Brachial 
plexus injury has been reported following axillary artery injection, 

During selective coronary arteriography, patients may have clinically 
insignificant ECG changes during the procedure. The following adverse 
effects have occurred in conjunction with the administration of iodinated 
intravascular contrast gr for this procedure: hypotension, shock, 
anginal pain, myocardial infarction, cardiac arrhythmias (bradycardia, 
ventricular tachycardia, ventricular fibration) and cardiac arrest. Fatah- 
ties have been reported. Complicationssto the procedure include dissec- 
tion of coronary artenes, dislodgement otatheromatous plaques, perforation, 
hemorrhage and thrombosis 


OVERDOSAGE 


Overdosage may occur. The adverse: effects of overdosage are life- 
threatening and affect mainly the puimonary and cardiovascular sys 
tems. The symptoms may include cyanosis, bradycardia, acidosis, pulmonary 
hemorrhage, convulsions, coma and cardiac arrest. Treatment of an 
overdose ıs directed toward the support of all vital functions and prompt 
institution of symptomatic therapy. 

loxagiate salts are dialyzable 

The intravenous LD,, values of HEXABRIX (in grams of iodine/ 
kilogram body weight) were 11.2 g/kg in mice, »8 g/kg in rats, 16.4 
g/kg in rabbits and 110.2 g/kg in dogs 


DOSAGE AND 


ADMINISTRATION 


Details on dosage are provided in the package insert. CONSULT FULL 
PACKAGE INSERT BEFORE USE 


Diagnostic Products Division 
Mallinckrodt, Inc. 

Post Office Box 5840 

St. Louis, MO 63134 
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MAMMOGRAPHIC 
SYSTEM 


the beginning... 


The original MAMEX DC 


The Mamex DC is a complete mammographic 


system, consisting of a modern, efficient DC 
generator which virtually eliminates “ripple” and 


gives a higher resolution image with consistently 
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Original MAMEX DC 


higher subject contrast; a molybdenum anode 
x-ray tube; and a motorized compression system 
with floor remote control. 


Standard features: 


Compact DC generator with automatic 
exposure control. 

Exposures can be made once every 30 seconds. 
Stand designed for x-ray examination of the 
breast. 

Hardened glass screen protects technician 
during exposure. 

Floor remote compression control. 
Phototiming detector position selector. 

Field light. 

Breast compression plate; 

Biopsy compression plate; 

Spot cone compression plate. 

18x24cm Kodak Min-R cassette with screen. 
Film identification markers. 

Automatic line voltage compensation. 

.6x.6 stationary anode molybdenum x-ray tube 
with beryllium window. 


Options: 


200L 3.5:1 grid. 

Carbon fiber cassette tunnel with grid pocket. 
In-hospital wheel assembly (shown). 

Van wheel assembly. 


Mamex DC... 


Five-year proven track record of performance 
and reliability: 

Hundreds of satisfied physicians, clinics, and 
hospitals throughout the United States and 
internationally; 

Full 12-month non-prorated warranty on the 
x-ray tube; 

Average midbreast dosages, on a 2-film exam of 
a 6cm compressed breast, of .07R or less (as 
documented by the University of Michigan 
Breast Cancer Detection Center - Ingvar 
Andersson, M.D.) 


. Offers your facility the very best in diagnostic 


equipment available in today’s marketplace. 
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Complete in-service training. 





an Our technical representatives are available to train 
ost = X-rays. your nursing staff in using the E-Z-EM Prep System. 
"On zept behind The entire program is available on videotape 











and in print, with emphasis on 
patient motivation as 
well as proper 
procedure. 


r E-Z-EM Prep 
fer ikits. 





r 
re? for Barium Enema : 
t y 
e Day Be fo I pw in short, the 
{c A re only complete 
s cna a M . Prepping system. 
co Pleteg ; 
at’ O 5:00 . 
omi lne mosanum Caisiongy ctf X The E-Z-EM Prep System has been designed for: 
06:00 pm, aak naay O y NO h, | 
7:00 pen D'a ot water 1g Aim Rot oettog m Effective cleansing ™ Patient comfort E Ease of use 


m Minimal storage requirements m No breakage. 


For free samples and additional information, 
contact your local representative, 
or Call E-Z-EM toll-free at 800-645-3052. 
In New York call 516-333-8230. 
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sou + Bs E-Z-EM® E-Z-EM, Inc. 
the Morning O1 The Examination : 7 Portland Avenue 
pcg ema he e remore he wage an mer Westbury, NY 11590 
| A complete 


prepping system for the 
cost of a prep kit. 


' a ict | ' E-Z-EM Prep: Catalog No. 3070 (Packaged 50 kits/carton) 
nd our check off lists are aval lable n E-Z-EM Prep Il: Catalog No. 3072 (Packaged 48 kits/carton) 
əveral languages, tOO. E-Z-EM Magnesium Citrate: Catalog No. 3075 (Packaged 100 packets/carton) 











Not just a prep, 
but a prepping system. 


The first thing we did was change the way we 
thought about the prepping procedure. We realized 
that proper and thorough bowel cleansing means 


more than just supplying a series of laxative 
oroducts. It involves staff training, 


patient motivation 
A Te | 
ppc 1036! rs EN \ 


and careful 
consideration 
of every step 
in the prace- io 
dure. That's 


why our prep 


kits are only part 
of a comprehen- Oa 


sive system, one 
specifically aimec 
w 
1 


at increasing the 


effectiveness of 

the entire bowel 

A good-tasting 
Magnesium Citrate. 





cleansing program. 


Poor patient ccmpliance is a major cause of 
improperly cleansed colons. Our Magnesium 
Citrate was developed to significantly reduce this 
problem. 


E-Z-EM Magnesium Citrate, a safe, gentle, and 
thorough laxative, has a pleasant orange flavor. In 
fact, it tastes more like a breakfast drink than a 
laxative. What’s more, it contains no alcohol and it's 
low in sodium. It's packaged in single dose, foil- 
wrapped packets which eliminate breakage and 


mraath: radniicea etnrane ranitiraments 
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Two complete prep kits. 


The E-Z-EM Prep System is thorough. In addition tc 
Magnesium Citrate, each E-Z-EM Prep xit includes 
two enteric coated Bisacodyl tablets 
and one Bisacodyl! suppository. pny 
Along with our gentle hydration 2 
regimen, these components effectively 
cleanse the small bowel, colon, and 
recto-sigmoid area. The entire prep 
kit comes in a convenient 
cardboard folder no larger than i4 
a thin paperback book. 


When a cleansing enema is desired, 
the E-Z-EM Prep II kit is available. 

It replaces the suppository with an 
enema bag. 


Several schedules, 
in several languages. 


Because we've considered patient 
comfort first, E-Z-EM recommends a 
24-hour prepping schedule for use with 
both our prep kits. And each kit comes 
with a handy check-off list to simplify 
administering the prep. When a faster 2 2 
prep is necessary, our kits can accomplish a 
thorough, safe cleansing using a condensed 
echediile and increased hvdration. 








EMERGENCY RADIOLOGY OF THE 


AcuTELy ILL or INJURED CHILD 
Second Edition 


By Leonard E. Swischuk, MD 

“Only Len Swischuk could produce a book quite like 
this.... The reproductions. particularly of soft tissues, 
are superb....A true teacher, [Swischuk] stresses the 


basic facts, the simple. the obvious. the Variations, and 
the pitfalls.... This book should be in the library of even 
the smallest radiology department.” — J Can Assoc 


Radiol (of the First Edition) 
1986/622 pages /685 illustrations/*8049-0/$75.00 


COMPUTED TOMOGRAPHY AND 
MAGNeTic RESONANCE IMAGING 


OF THE HEAD AND NECK 
Second Edition 


By Anthony A. Mancuso, MD and William 

N. Hanafee, MD 

with a special contribution from John A. Kirchner, MD 
The leading guide to head and neck imaging now 

includes the first comprehensive discussion of otolar- 

yngologic MRI, an extensively revised chapter on tempo- 

ral bone, extraordinary images generated by state-of- 

the-art equipment, and more. 

1985/504 pages/155 illustrations /*5476-7/$84.75 


Lymphography, Computed Tomography 
and Scintigraphy 
Second Edition 
Edited by Melvin E. Clouse, MD and Sidney 
Wallace, MD 

For assistance in selecting, performing and inter- 
preting lymphatic images using state-of-the-art equip- 
ment and techniques, turn to the new Second Edition 
of the only book-length exploration of lymphatic 
evaluation. 
1985/526 pages /352 illustrations/*1651-2/$87.50 


COMPUTED TOMOGRAPHY IN THE 


EVALUATION OF TRAUMA 
Second Edition 


Edited by Michael P. Federle, MD and Michael 
Brant-Zawadzki, MD 


In this new edition you'll find a thorough and up-to- 
date discussion of the clinical indications ior CT 
scanning in different types of trauma to virtually all 
areas of the body, keys to techniques of scanning and to 
accurate interpretation, and comparisons of CT to other 
radiographic procedures and laboratory tests. 

1986 /about 300 pages /about 370 illustrations / 
*3102-3/about $58.95 


CLINICAL ARTHROGRAPHY 
Second Edition 


By Rolf-D. Arndt, MD, John W. Horns, MD, and 
Richard H. Gold, MD 


with a special contribution by Donald D. Blaschke, 
DDS 

Including inflammatory diseases and other joint 
abnormalities, the Second Edition retains the emphasis 
on orthopedic disorders as it expands the basic princi- 
ples of arthrography and adds new. recently published 
concepts, such as double-contrast CT arthrography. 
1985/282 pages/147 illustrations /*0256-2/$62.50 
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428 E. Preston Street Baltimore, MD 21202 


— YES! Please rush my copy of 














If not completely satisfied, I may return the books with- 
in 30 days at no further obligation. (US & Canada only). 


PAYMENT OPTIONS 

(Enclose payment or charge vour order and Williams & Wilkins will pay all postage 
and handling costs.) 

O Check enclosed O Bill me 

O VISA 0 MasterCard O American Express 





=r 
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signature/p.o. # 


For fastest service...call 1-800-638-0672 toll free anywhere in 
the US except AK and HI; MD residents call 928-4221 collect. 
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Address 
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SWISAD 95401 


The perfect profile for narrow navigation. 


The New Schwarten’ 
LP Catheter 
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How narrow can you get? As narrow as 
the new Schwarten™LP Balloon Dilatation 
Catheter from ACS. The new Schwarten 
Low Profile Catheter gives you smooth, 
simple and confident performance in 
fragile tibial, peroneal and renal 
vasculature. 


Experience easy entry and passage in 
some of the tightest situations a patient’s 
peripheral circulation can present. In 
addition, flexible but firm coaxial design 
can provide you with excellent tracking 
over a guide wire to get where you want 
to be during positioning. Radiopaque 
balloon and tip markers allow for vivid 
visualization and more exact balloon 
placement. 


For additional information on the new 
Schwarten LP Balloon Dilatation Catheter, 
call toll-free: 800 227-9902. 


Advanced Cardiovascular Systems, Inc. 
1395 Charleston Road 
Mountain View, CA 94039 


i f 415 965-7360 
Where Innovation continues. Toll free: 800 227-9902 


ACS is a wholly owned subsidiary TWX (Telex II) 23-289-720 
Litty of Eli Lilly and Company. 


© 1986 Advanced Cardiovascular Systems, Inc. 








MAGNETOM MR systems 
with Self Shielding 





It's a fact that superconducting magnets give you 
superior image quality and less risk of obsolescence. 
But site selection can be a problem. Too often, space 
limitations lead to expensive room magnetic shielding. 
Or worse, compromising your MR system choice. 


But you can have both the quality of a MAGNETOM 
system and an economical site layout. That’s where 
Self Shielding comes in. Tucked neatly under the 
MAGNETOM's covers, it shrinks the fringe field in all 
directions. 


More than better images. 
A better fit. 


Installation space is cut 
How much space can you save? Consider this: the 0.5 
— mil pacemaker exclusion 

line of a 1 T system nor- 
mally subtends 3100 ft?. 
With Self Shielding, that 
space is only 1100 ft?— 
about one-third the origi- 
nal area. In fact,a Self 
Shielded 2 T MAGNETOM* 

| actually takes no more 
The diagram above shows the 0.5 mT , 
line for (clockwise from upper left) a 0.5 space than an unshielded 


T, 1.0 T, 1.5 T, and 2.0 T MAGNETOM. 0.5 T system. 
The 0.5 mT is shown for the unshielded — 
(red), Type 1 Self Shielded (green) and No sacrifice 


Type 1 Self Shielded (Blue). in image quality 
With its symmetrical design, Self Shielding does not 
harm the homogeneity of the imaging volume. In fact, 
homogeneity is often better than unshielded magnets 
in typical sites because asymmetrical structural steel 
has less interaction with the magnetic field. 


No unexpected surprises 
Because Self Shielding is 
fitted to the MAGNETOM 
and not to the room, no 
extra time-consuming site 
planning is required. Your 
building costs are un- 

Self Shielding 's symmetry means no affected and your installa- 
sacrifice in magnet homogeneity. tion stays on schedule. 


No intimidating structures 

Self Shielding fits inside the MAGNETOM housing, so 
it’s invisible to staff and patients. That means no exotic 
architecture is needed. And patient preparation and 
comfort—key to high throughput—are not affected. 











Siemens Medical In Canada: 

Systems, Inc. Siemens Electric Ltd. 

186 Wood Avenue South 1180 Courtney Park Drive 
Iselin, NJ 08830 Mississauga, Ontario LST 1P2 


*The Siemens MAGNETOM has received FDA premarket approval for 
certain configurations and applications, including Self Shielding. 
Configurations and applications that are currently not approved are only 
available for investigational use in the US. 


Siemens... 
technology with integrity. DTN 















PORTA RAY IS PROUD TO INTRODUCE 
pixie Il 


THE BEST OF PIXIE - PLUS 


e MICROPROCESSOR CONTROLLED 
e SOLID STATE - DIGITALLY PROGRAMMED 


e AUTOMATIC EXPOSURE CONTROL - BUILT IN 
Any Size Cassette, Any Examination 


e 50mA - 100kVp - 200mas 
e AUTOMATIC LINE VOLTAGE REGULATOR 


e NO BATTERIES TO CHARGE - AVAILABLE FOR USE 
24 HRS. A DAY 


e MANUFACTURED IN U.S.A. 


e CERTIFIED TO BE IN COMPLIANCE 
WITH ALL GOVERNMENT REGULATIONS 


For more information contact Porta Ray or your local X-Ray dealer. 
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por ta ray Ine. 19 Jefryn Blvd. West, Deer Park, N.Y. 11729 U.S.A. (516) 242-0022 









Two step film control 


Minimize X-ray exposure. Optimize image quality. Stabilize film 
processor performance, film speed and contrast. Quickly. Easily. 
dR Sila aa A ene A he a alae: Maal Lae 


The Tobias 
Model TBX Digital 


The Tobias Model RF 
Wejex Sensitometer 








Produces a precise 11-step wedge exposure 
on your X-ray film. Exposure made just 
before processing eliminates latent image 
fade problem.* Features: Precise shutter 
exposure control. Variable lamp intensity. 
Provisions for 2” 2” ANSI blue, green or 


other filters, double sided exposures, 8”x 10” 


and 35mm test film alignment. And more. 


“Lawrence, D.J.: A Simple Method of Processor Control, 
Med. Rad. and Photog. 49, 2-6, 28, 1973 (Reprints available 
on request) 


Wejex Universal 
Model RF 

Also available 
Wejex Standard 
Model R 





For a demonstration, call your Tobias dealer. 
Or write for our brochure. Ask about our 30 day free trial. 





@ Densitometer 





Measures optical transmission 


density of the Wejex-exposed step 


wedge over a density range of 0 
to 4.50. Accuracy + 0.02. 
Repeatability + 0.01. State-of-the- 
art electronics. Lighted digital 


display. 5 second warm up. Easily 


portable. Virtually no zero drift. 


Send literature on the Wejex Sensito- 
meter and TBX Densitometer. 


__ Please send me a copy of D.J. 
Lawrence's “A Simple Method of 
Processor Control.” 


_| Tell me more about your 30 day free 
trial policy. 
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A TOBIAS ASSOCIATES, INC. 
50 Industrial Drive, P.O. Box 2699, Ivyland, PA 18974, (215) 322-1500 


Title/Organization 
Address 
City ___ — State —— 
Zip: __ Tel. 


Name eo t 
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How to reduce the costs of 
bowel preparation 


before and after the X-ray 





Before After 





Evac-Q-Kwik® helps Evac-Q-Kwik is the ideal 
Je keep hospital costs bowel prep for today’s cost- 
down by eliminating the conscious climate. It effec- 
staff time and labor tively cleans the colon for 
involved in giving enemas. And everything clear X-rays the first time, to 
needed for effective bowel evacuation is reduce the need for expen- 
contained in one cost-effective kit. sive, time-consuming retakes that escalate 


hospital costs. 


. Evac-O-Kwik 


EVAC-Q-MAG* 


a Nurses appreciate 
OO a Evac-Q-Kwik because it 
EVAC-Q-TABS® — | can be administered 
during a single shift 
and completed —— N 
during one 
6-hour period. Patients prefer the 
simple, comfortable Evac-Q-Kwik 
procedure, too. Evac-Q-Kwik 
contains no sugar, no alcohol, 4 a 
and is low in sodium. , D 






EVAC-Q-KWIK® SUPPOSITORY 
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Adria Laboratories 
Columbus, OH 4321! 









The Star family of nuclear imaging products 
takes you into the future...no matter where 


The best way to a bright future 
for your nuclear imaging depart- 
ment is to choose equipment that 
can grow with you. At your pace. 
In the direction you choose. 


The Star family of nuclear 
imaging products from General 

lectric gives you that versatility 
with advanced technology that 
easily upgrades as your needs 
change. These systems not only 
work with each other to increase 
your nuclear imaging and 
processing capabilities, they work 
with other manufacturers’ systems 
as well. 


Meet our family 


»STARPORT 
Ideal for data 
acquisition DE 

and display. ra 
This digital L 
gamma camera system 

can be the cornerstone ofa ` 
nuclear department because, as 
requirements grow, the Starport” 
system can evolve to meet them. 






youre growing 


STARCAM 


The best of all = 
worlds: data ©) = 
acquisition, 
processing 
and display in 


ee, mmm 
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an integrated system that performs 


the most demanding nuclear 
procedures with ease. With its 
modular digital design, the 
Starcam™ system keeps pace with 
your growth and with emerging 
technology. 


STAR II 


Powerful 
processing 

in a small 
system that’s 
compatible 
with virtually 
all nuclear imaging equipment. 
The Star II™ system extends your 
processing capabilities without 
making your existing systems 
obsolete. 





Reno — RGN 
a MDGS 


GENERAL GÒ ELECTRIC 








STARVIEW 


Additional 
efficiency from 
a system that 
combines data mewn mas F 
processing and ra 
display functions. Starview™ saves 
time for physicians and technologists 
alike in a busy nuclear department. 
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STARLINK 


The technology that brings the Star 
family together. With the future 
Starlink™ network, you will be able 
to easily access data from any on- 
line nuclear system, at any station. 


STARGATE 


Your passport to the multi-modality 
imaging of the future. Stargate” 
will link your nuclear department 
with other imaging modalities, 

and bring the complete diagnostic 
picture to you at a single console. 


Look into the future of nuclear 
imaging . . . discover the Star family 
of products from GE. And find out 
about the special financing pack- 
ages available for a limited time. Call 


toll free 1-800-433-5566. 
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the development of nonionic contrast media, introduces... 


An important innovation for 
vascular and subarachnoid imaging. 








NEW NONIONIC 


OMNIPAQUE 


[à i 
(IOHEXOL) 


Improving the safety profile 
in a broad spectrum 

of applications. 
Indicated for: 
Angiocardiography 
Cerebral Arteriography 

I.V. Digital Subtraction Angiography 
of Head and Neck 

Peripheral Arteriography 

Peripheral Venography 

` Aortography 

Excretory Urography 

Lumbar and Thoracic Myelography 
CT Myelography 
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SIGNIFICANT IMPROVEMENT IN PATIENT TOLERANCE 
LOOOTO NSV EMENI IN FAHENT TOLERANCE 


Incidence of Adverse Reactions After Intravenous Injections” 


| 1.25% 
| 0.83% 


2.06% 
Gastrointestinal P<.oo01 |__——«[ 3.27% 


(nausea, vomiting, taste) 


Skin P<,0001 1.31% 








Cardiovascular 
P<.0001 3.83% 







Central nervous system 
P=.004 


15.83% 





(flushing, urticaria, itching, exanthema) | 7.22% 
Respiratory | 0.30% 
P=, 0.74% 
Muscular |, 0.18% 
P>.75 0.22% 
*Adapted from Dahlstrom 0% 5% 10% 15% 


etal.’ 


[| lohexol (n = 1,683 patients) [| lonic Media (n = 1,358 patier 


NO CONFUSION OR 
DISORIENTATION AFTER MYELOGRAPHY 
REPORTED IN CLINICAL STUDIES2‘ 


Elderly patients may present a greater risk following myelography. 
Physicians should remain alert for the occurrence of adverse effects 
which have occurred with other nonionic water-soluble media. 


GREATER PATIENT COMFORT IN 
VASCULAR APPLICATIONS?’ 


More comfortable procedures for patients, especially those who have 
severe stenotic disease or experienced pain during a previous examination. 


Improved patient cooperation can result in increased patient throughput. 
For myelography: recommended concentrations— 


OMNIPAQUE 180 (180 mgI/mL) or OMNIPAQUE 240 (240 mgl/mL). 


* See last pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, and 
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Improving the safety profile 
in a broad spectrum 
of applications 





IMPROVING THE PATIENT SAFETY PROFILE 


For all patients, including those hypersensitive to ionic media." 
Since adverse reactions can occur with nonionic media, similar 
preparations to those recommended for ionic media should be 
planned to handle severe or potentially fatal reactions. 


Improving the nephrotoxicity profile. 
Minimal effect on glomerular filtration rate, permeability, or 
albumin excretion.? Not recommended for patients with 
anuria. 


Improved hemodynamic profile.""* Clinical relevance is yet to 
be determined. 
Less reduction in systolic and diastolic pressures. 
Minimal effect on myocardial conduction or contractility. 


Excellent neurotoxicity profile.*'*"° 


Elderly patients may be at greater risk following contrast media 
administration. 


GREATER CONVENIENCE 
IN ADMINISTRATION 


cal lteter ancl le SEIM TI OEE ces 


One ready-to-use agent for most examinations. 
No dilution or reconstitution necessary. 


Flexible application with the four most used iodine concentrations. 


Concentration Color 
Product (mgI/mL) Coding Indications for Use 


OMNIPAQUE® 180 180 
OMNIPAQUE® 240 240 
OMNIPAQUE® 300 300 
OMNIPAQUE® 350 350 


_ Lumbar, Thoracic, and CT Myelography 
_ Lumbar and Thoracic Myelography, Peripheral Venography 
_ Urography, Cerebral Arteriography, Peripheral Arteriography, 
Peripheral Venography 
_ Angiocardiography, Urography, Peripheral Arteriography, 
I.V. Digital Subtraction Angiography 
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CONSISTENT DIAGNOSTIC QUALITY 


SUBARACHNOID IMAGES EQUAL TO OR BETTER THAN 
THOSE OBTAINED WITH A FIRST-GENERATION NONIONIC.77 





Excellent filling of root sleeves. Diagnostic CSF 


enhancement for CT 
evaluation. 


No aspiration of contrast 
medium required. 


Excellent visualization of root 
and conus medullaris. 


See following pages for important product information concerning 
contraindications, warnings, adverse reactions, patient selection, and 
precautionary recommendations. 


Improving the safety profile 
in a broad spectrum 
of applications 





EXCELLENT VASCULAR IMAGING 


a i 





Excellent pyelograprřic Excellent diagnostic quality in 
density. ® ” peripheral studies.®’ 


A preferred medium for lower- 
limb venography. 





Image degradation due to Excellent results in cerebral 


swallowing, motion, and arteriography. 4" 
SOUDMIDC E 1058 WNTIOREKO, Less movement due to pain.” 


than with ionic contrast media.’ 
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INJECTION (IOHEXOL) 


PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

OMNIPAQUE is a nonionic, water-soluble, radiographic contrast medium. 
INDICATIONS AND USAGE: OMNIPAQUE is indicated in adults for angiocar- 
diography (ventriculography, selective coronary arteriography); aortography, 
including studies of the aortic root, aortic arch, ascending aorta, abdominal 
aorta, and its branches; cerebral arteriography; digital subtraction angiogra- 
phy; peripheral angiography including arteriography and venography 
(phlebography); excretory urography; and lumbar and thoracic myelography, 
by conventional technique and in computerized tomography 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and an appropriate technique should be utilized 
CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients 
with a known hypersensitivity to iohexol 

Lumbar puncture ordinarily should not be performed in the presence of local 
or systemic infection where bacteremia is likely 

Intrathecal administration of corticosteroids with OMNIPAQUE is 
contraindicated. 

Because of the possibility of overdosage, immediate repeat myelography in 
the event of technical failure is contraindicated (see DOSAGE AND 
ADMINISTRATION). 

WARNINGS— General: OMNIPAQUE should be used with extreme care in 
patients with severe functional disturbances of the liver and kidneys, severe 
thyrotoxicosis, or myelomatosis. Diabetics with a serum creatinine level above 
3 mg/dL should not be examined unless the possible benefits of the examina- 
tion clearly outweigh the additional risk. OMNIPAQUE is not recommended for 
use in patients with anuria 

Radiopaque contrast agents are potentially hazardous in patients with multi- 
ple myeloma or other paraproteinemia, particularly in those with therapeutically 
resistant anuria. Although neither the contrast agent nor dehydration has 
Separately proven to be the cause of anuria in myeloma, it has been speculated 
that the combination of both may be causative factors. The risk in myelomatous 
patients is not a contraindication: however. special precautions are necessary 
Partial dehydration in the preparation of these patients prior to injection is not 
recommended since this may predispose the patient to precipitation of the 
myeloma protein in the renal tubules. No form of therapy, including dialysis, has 
been successful in reversing the effect. Myeloma, which occurs most commonly 
in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

lonic contrast media, when injected intravenously or intraarterially, may 
promote sickling in individuals who are homozygous for sickle cell aisease. 

Administration of radiopaque materials to patients known or suspected of 
having pheochromocytoma should be performed with extreme caution. If. in the 
opinion of the physician, the possible benefits of such procedures outweigh the 
considered risks, the procedures may be performed; however, the amount of 
radiopaque medium injected should be kept to an absolute minimum. The 
patients blood pressure should be assessed throughout the procedure and 
measures for the treatment of hypertensive crisis should be readily available 

Reports of thyroid storm following the use of iodinated, ionic radiopaque 
contrast media in patients with hyperthyroidism or with autonomously function- 
ing thyroid nocule suggest that this additional risk be evaluated in such patients 
before use of any contrast medium 

Urography should be performed with caution in patients with severely 
impaired renal function and patients with combined renal and hepatic disease 

Caution is advised in patients with a history of epilepsy, severe cardiovascular 
disease, chronic alcoholism, or multiple sclerosis 

Elderly patients may present a greater risk following myelography. The need 
for the procedure in these patients should be evaluated carefully. Special 
attention must be paid to dose and concentration of the medium, hydration, and 
technique used. 

Patients who are receiving anticonvulsants should be maintained on this 
therapy. Should a seizure occur, intravenous diazepam or phenobarbital sodium 
is recommended. In patients with a history of seizure activity who are not on 
anticonvulsant therapy, premedication with barbiturates should be considered 

Prophylactic anticonvulsant treatment with barbiturates should be considered 
in patients with evidence of inadvertent intracranial entry of a large or concen- 
trated bolus of the contrast medium since there may be an increased risk of 
seizure in such cases. 

Drugs which lower the seizure threshold, especially phenothiazine deriva- 
tives, including those used for their antihistamine properties, should not be used 
with OMNIPAQUE. Others include MAO inhibitors, tricyclic antidepressants, 
CNS stimulants, and psychoactive drugs described as analeptics, major 
tranquilizers, or antipsychotic drugs. Such medication should be discontinued 
at least 48 hours before myelography, should not be used for the control of 
nausea and vomiting, and should not be resumed for at least 24 hours 
postprocedure 

Care is required in patient management to prevent inadvertent intracranial 
entry of a large dose or concentrated bolus of the medium. Also, effort should 
be directed to avoid rapid dispersion of the medium causing inadvertent rise to 
intracranial levels (eg, by active patient movement). Direct intracisternal or 
ventricular administration for standard radiography (not CT) is not recom- 
mended 

In most reported cases of major motor seizures with other nonionic myelo- 
graphic media, one or more of the following factors were present. Therefore 
avoid: 

* Deviations from recommended procedure or in myelographic management 

e Use in patients with a history of epilepsy 

* Overdosage. 

* Intracranial entry of a bolus or premature diffusion of a high concentration of 
the medium 

* Medication with neuroleptic drugs or phenothiazine antinauseants 

* Failure to maintain elevation of the head during the procedure, on the stretcher. 
or in bed. 

e Excessive and particularly active patient movement or straining 

If grossly bloody CSF is encountered, the possible benefits of a myelographic 
procedure should be considered in terms of the risk to the patient 
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PRECAUTIONS— General: Diagnostic procedures which involve the use of 
radiopaque diagnostic agents should be carried out under the direction of 
personnel with the prerequisite training and with a thorough knowledge of the 
particular procedure to be performed. Appropriate facilities should be available 
for coping with any complication of the procedure, as well as for emergency 
treatment of severe reactions to the contrast agent itself. After parenteral 
administration of a radiopaque agent, competent personnel and emergency 
facilities should be available for at least 30 to 60 minutes since severe delayed 
reactions have occurred (see ADVERSE REACTIONS). 

Preparatory dehydration is dangerous and may contribute to acute renal 
failure in patients with advanced vascular disease, diabetic patients, and in 
susceptible nondiabetic patients (often elderly with preexisting renal disease). 
Dehydration in these patients seems to be enhanced by the osmotic diuretic 
action of urographic agents. It is believed that overnight fluid restriction prior to 
excretory urography generally does not provide better visualization in normal 
patients. Patients should be well hydrated prior to and following iohexol 
administration. 

In patients with severe renal insufficiency or failure, compensatory biliary 
excretion of the drug is anticipated to occur, with a slow clearance into the bile. 
Patients with hepatorenal insufficiency should not be examined unless the 
possibility of benefit clearly outweighs the additional risk 

Acute renal failure has been reported in diabetic patients with diabetic 
nephropathy and in susceptible nondiabetic patients (often elderly with pre- 
existing renal disease) following excretory urography. Therefore, careful 
consideration of the potential risks should be given before performing this 
radiographic procedure in these patients. 

Immediately following surgery, excretory urography should be used with 
Caution in renal transplant recipients. 

The possibility of a reaction, including serious, life-threatening, fatal, ana- 
phylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be 
carefully planned in advance for immediate treatment of serious reactions. and 
that adequate and appropriate personne! be readily available in case a severe ` 
reaction should occur 

The possibility of an idiosyncratic reaction in susceptible patients should 
always be considered (see ADVERSE REACTIONS). the susceptible population 
includes patients with a previous reaction to contrast media. patients with a 
known sensitivity to iodine per se, and patients with a known Clinica! hypersen- 
sitivity: bronchial asthma, hay fever, and food allergies 

The occurrence of severe idiosyncratic reactions has prompted the use of 
several pretesting methods. However, pretesting cannot be relied upon to 
predict severe reactions and may itself be hazardous for the patient. It is 
suggested that a thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more 
accurate than pretesting in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily con- 
traindicate the use of a contrast agent where a diagnostic procedure is thought 
essential, but caution should be exercised (see ADVERSE REACTIONS). 
Premedication with antihistamines or corticosteroids to avoid or minimize 
possible allergic reactions in such patients should be considered. Recent 
reports indicate that such pretreatment does not prevent serious life-threatening 
reactions, but may reduce both their incidence and severity 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or 
iothalamate-based ionic agents of comparable iadine concentration, the poten- 
tial transitory increase in the circulatory osmotic load in patients with congestive 
heart failure requires caution during injection. These patients should be ob- 
served for several hours following the procedure to detect delayed hemody- 
namic disturbances 

General anesthesia may be indicated in the performance of some procedures 
in selected adult patients; however, a higher incidence of adverse reactions has 
been reported in these patients, and may be attributable to the inability of the 
patient to identify untoward symptoms, or to the hypotensive effect of anesthesia 
which can reduce cardiac output and increase the duration of exposure to the 
contrast agent. 

Angiography should be avoided whenever possible in patients with homo- 
cystinuria, because of the risk of inducing thrombasis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damag- 
ing or perforating the vessel wall should be borne in mind during the catheter 
manipulations and contrast medium injection. Test injections to ensure proper 
catheter placement are recommended 

Selective coronary arteriography should be pertormed only in those patients 
in whom the expected benefits outweigh the potential risk. The inherent risks of 
angiocardiography in patients with chronic pulmonary emphysema must be 
weighed against the necessity for performing this procedure 

Administration of contrast media should be performed by qualified personnel 
familiar with the procedure and appropriate patient management. Sterile 
technique must be used with any spinal puncture 

When OMNIPAQUE is to be injected using plastic disposable syringes, the 
contrast medium should be drawn into the syringesand used immediately 

If nondisposable equipment is used, scrupulous care should be taken to 
prevent residual contamination with traces of cleansing agents 


Parenteral products should be inspected visually for particulate matter and 
discoloration prior to administration i particulate matter or discoloration is 
present, do not use 

epeat Procedures: If, in the clinical judgment of the physician, sequential or j 
repeat subarachnoid examinations are required, a suitable interval of time 


between administrations should be observed to aliow for normal clearance of 

the drug from the body 

Information for Patients: Patients receiving injectable radiopaque diagnostic 

agents should be instructed to: 

1. Inform your physician if you are pregnant 

2. Inform your physician if you are diabetic or if you have multiple myeloma, 
pheochromocytoma, homozygous sickle cell disease or known thyroid disor- 
der (see WARNINGS) 
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_ Inform your physician if you are allergic to any drugs, food, or if you had any 
reactions to previous injections of dyes used for x-ray procedures. 
4. Inform your physician about any other mecications you are currently taking, 
including nonprescription drugs, before you are administered this drug. 
Drug/Laboratory Test Interaction: |f iodine containing isotopes are to be- 
administered for the diagnosis of thyroid disease, the iodine-binding capacity of 
thyroid tissue may be reduced for up to two weeks after contrast medium 
administration. Thyroid function tests which co not depend on iodine estimation, 
eg, T, resin uptake or direct thyroxin assays, are not affected. 
Drug Interactions: Drugs which lower the seizure threshold—especially phe- 
nothiazine derivatives including those used for their antihistaminic or antinause- 
ant properties—should not be used with OMNIPAQUE. Others include mono- 
amine oxidase (MAO) inhibitors, tricyclic antidepressants, CNS stimulants, 
and psychoactive drugs described as analeptics, major tranquilizers, or anti- 
psychotic drugs. Such medications should be discontinued at least 48 hours 
before myelography, should not be used for tne control of nausea or vomiting 
during or after myelography, and should not be resumed for at least 24 hours 
postprocedure. In nonelective procedures in patients on these drugs, consider 
prophylactic use of anticonvulsants. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal 
studies have been performed to evaluate the potential of iohexol in these areas. 
ey Category B: Reproduction studies have been performed in rats and 
rabbits with up to 100 times the recommended human dose. No evidence has 
been established of impaired fertility or harm to the fetus due to OMNIPAQUE; 
there are, however, no studies in pregnant women. Because animal reproduction 
studies are not always predictive of human response, this drug should be used 
during pregnancy only if clearly indicated. 
Nursing Mothers: Caution should be exercised when OMNIPAQUE is admin- 
istered to a nursing woman, it is not known to what extent iohexol is excreted in 
human milk. 
Pediatric Use: Safety and effectiveness in c^ildren have not been established 
MADVERSE REACTIONS: 
intrathecal: Adverse reactions to the intrathecal use of OMNIPAQUE in general 
have been mild to moderate in degree, and cf short duration. The incidence of 
these occurrences, based on clinical trials o 584 patients, is as follows: 

Headaches: The most frequently occurring adverse reaction following myelog- 
raphy with OMNIPAQUE has been headache, with an incidence of less than 
20%. Headache may be caused either as a direct effect of the contrast medium 
or by CSF leakage at the dural puncture site. However, in managing the patient, 
it is considered more important to minimize intracranial entry of contrast 
oe by postural management than to attempt to control possible CSF 
eakage. 

Pain: Mild pain including backache, stiffness, and neuralgia occurred follow- 
ing injection with an incidence of about 8%. 

Nausea and Vomiting: Nausea was reported, with an incidence of about 6%, 
and vomiting of about 3% (based on Clinical trials of 584 patients—see PATIENT 
MANAGEMENT). Maintaining normal hydrat on is very important. The use of 
phenothiazine antinauseants is contraindiceted. Reassuring the patient that the 
nausea will clear is usually all that is required. 

Dizziness: Transient dizziness was reported in about 2% of the patients. 

Other Reactions; Other reactions, occurring with an individual incidence of 
less than 0.1%, included feeling of heaviness, hypotension, hypertonia, sensa- 
tion of heat, sweating, vertigo, and loss of appetite. All were transient and mild, 
with no clinical sequelae. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in add tion to those discussed above, 
particularly those already reported in the literature for other nonionic, water- 
soluble myelographic contrast media. These have included but are not limited to 

eptic and bacterial meningitis, and CNS end other neurologic disturbances. 

ravascular: Adverse reactions to the intravascular use of OMNIPAQUE have 
usually been of mild to moderate severity. However, serious, life-threatening and 
fatal reactions, mostly of cardiovascular oricin, have been associated with the 
administration of iodine-containing contrast media, including OMNIPAQUE. The 
injection of contrast media is frequently associated with the sensation of warmth 
and pain, especially in peripheral ergionaey. pain and warmth are less 
frequent and less severe with OMNIPAQUE :han with many ionic media, but 
lower osmolality media are similar in this respect. The incidence of these 
occurrences in clinical trials is as follows: 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), an- 
gina/chest pain (2%), and hypotension (1%1. Others including cardiac failure, 
asystole, bradycardia, tachycardia, and vasovagal reaction were reported with 
an individual incidence of less than 0.8%. In controlled clinical studies involving 
900 patients, one fatality occurred. In widespread Clinical use, the incidence of 
fatality is estimated at 0.0003%. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic 
taste (0.8%). Others including anxiety, blurred vision, dizziness, fever, motor and 
speech dysfunction, convulsion, light-heaaedness, paresthesia, somnolence, 
vertigo, stiff neck, hemiparesis, and nystag nus were reported, with an individu- 
al incidence of less than 0.3%. 

Respiratory System: Dyspnea, laryngitis, and throat irritation, with an individu- 
al incidence of 0.1%. 

Gastrointestinal System: Nausea (2%) ard vomiting (0.5%). Others including 
reli dyspepsia, and dry mouth were reported, with an individual incidence 
of 0.1%. 

„Skin and Appendages: Urticaria (0.3%) and purpura (0.1%). 

Individual adverse reactions which occurred to a significantly greater extent 
or aspecific procedure are listed under that indication. 

General Adverse Reactions to Contrast Media: Physicians should remain alert 
for the occurrence of adverse effects in addition to those discussed above. The 
following reactions have been reported after administration of other intravascular 
iodinated contrast media. Reactions due to technique: hematomas and ecchy- 
moses. Hemodynamic reactions: vein cramp and thrombophlebitis following 
intravenous injection. Cardiovascular reactsons: rare cases of cardiac arrhyth- 
mias, reflex tachycardia, chest pain, cyanosis, hypertension, hypotension, 
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peripheral vasodilatation, shock, and cardiac arrest. Renal reactions: occasion- 
ally, transient proteinuria, and rarely, oliguria or anuria. Allergic reactions: 
Asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing and 
lacrimation and, rarely, anaphylactic reactions. Rare fatalities have occurred, 
due to this or unknown causes. Signs and symptoms related to the respiratory 
system: pulmonary or laryngeal edema, bronchospasm, dyspnea; or to the 
nervous system: restlessness, tremors, convulsions. Other reactions. flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, 
pallor, weakness, sweating, localized areas of edema, especially facial cramps, 
neutropenia, and dizziness. Rarely, immediate or delayed rigors Can occur, 
sometimes accompanied by hyperpyrexia. Infrequently, “iodism” (salivary gland 
swelling) from organic iodinated compounds appears two days after exposure 
and subsides by the sixth day. 

CONSULT PACKAGE INSERT FOR A MORE DETAILED DISCUSSION OF 
ADVERSE REACTIONS to both intrathecal and intravascular use of 
OMNIPAQUE. 

DOSAGE AND ADMINISTRATION: CONSULT FULL PACKAGE INSERT BE- 
FORE USE. Details on dose, concentration, and administration are provided for 
each of the indicated procedures. 
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MRI of the Female Pelvis: A 
Review 





MRI of the female pelvis offers a unique display of pelvic anatomy. On the T2-weighted 
images, uterine zonal anatomy and temporal changes under hormonal stimuli are well 
displayed. Benign and malignant uterine neoplasms are accurately demonstrated. How- 
ever, tumor type cannot be diagnosed. In the staging of endometrial and cervical 
carcinoma, MRI offers distinct advantages over sonography and/or CT. The main 
advantages are the abilities to depict tumor and to provide great tissue contrast between 
the tumor and surrounding normal tissue. In the evaluation of ovarian tumors, experience 
with MRI is still limited. This is only the beginning of the clinical applications of MRI. 
Much more work needs to be done to explore fully the value of this versatile and 
powerful technique. 


in the short time since MRI has become a Clinical procedure, it has shown 
advantages over existent diagnostic techniques. In the imaging of the female pelvis, 
MRI has complemented sonography and/or CT in further refining anatomic details 
and allowing the display of disease in more detail. Sonography remains the 
screening technique for the many uterine and ovarian afflictions. However, its 
significant operator dependence, limitations due to patient habitus, and relative 
inability to determine tissue characterization, significantly decrease its value [1-3]. 
CT, which is currently used for the staging of pelvic neoplasms, also has limitations. 
These include the presence of ionizing radiation and distortion due to metallic clips, 
contrast media, and bone density. All this restricts the usefulness of pelvic CT, 
particularly in regard to soft-tissue resolution [4]. The advantages of MRI in the 
study of pelvic abnormalities have recently been described [5-12]. MRI is nonin- 
vasive, does not depend on ionizing radiation, has superb soft-tissue contrast 
resolution, and is capable of multidirectional imaging, simultaneous imaging of 
multiple sections, and visualization of blood vessels without the need for contrast 
injection. Images of the pelvis, as compared with those of the abdomen, are better 
quality because respiratory and intestinal motion are at a minimum. However, MRI 
also has certain limitations. These include a relatively long scanning time and the 
contraindication to scan patients with cardiac pacemakers, intracranial vascular 
clips, and large metallic devices. 

Only when the advantages and limitations of MR are understood can the 
technique be fully used. 


Normal Anatomy 


The ability to optimally discern anatomic details depends on instrument param- 
eters and the plane of section used. With the 0.35-T MT/S Diasonics (Milpitas, 
CA), images are obtained using spin-echo sequences with repetition time (TR) of 
0.5 sec and echo-delay time (TE) of 30 msec. With this technique, the uterus iS 
imaged as a homogeneous, medium-signal-intensity structure, and the uterine 
zonal anatomy is indistinct (Fig. 1). On the T2-weighted sequence (TR = 2sec, TE 
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Fig. 1.—Normal uterus in woman of reproductive age. A, TR = 2 sec, TE = 
60 msec. B, TR = 0.5 sec, TE = 30 msec. Corpus uterus is seen upon dome 
of empty urinary bladder (B). Myometrium (m) can be Clearly differentiated from 
endometrium (e) on T2-weighted image (A). Arrow shows “junctional zone.” 
On T1-weighted image (B), zonal anatomy is obscured. 


= 60 msec), the uterus can be divided into corpus, isthmus, 
and cervix [4-10]. Within the corpus, the myometrium 
and endometrium are imaged with high signal intensity sepa- 
rated by a “junctional zone,” a low-intensity line between 
them. The “junctional zone” is believed to reflect the vascular 
Structures, mainly veins, located within the inner third of the 
myometrium [8-10]. The MRI appearance of the corpus 
uterus is markedly influenced by hormonal stimuli [10]. In 
women of reproductive age, the appearance of the uterus 
changes during the menstrual cycle [10]. The endometrium 
and myometrium, separated by the “junctional zone,” are 
always seen as distinct zones. However, the endometrium 
changes in width and is widest in the midsecretory phase. 
The volume and signal intensity of the myometrium changes 
also. On the T2-weighted image, the signal intensity of the 
myometrium is higher during the secretory phase. Also, the 
total uterine volume changes during the menstrual cycle and 
is the greatest during the secretory phase. Women of repro- 
ductive age taking oral contraceptive pills have a different 
MRI appearance of the uterus. In these women, the myomet- 
rium and endometrium separation is indistinct [10] (Fig. 2). 
Also, endometrial atrophy is marked, and the junctional zone 
is not consistently seen. Images of the premenarchal and 
postmenopausal uterus differ from reproductive-age uteri. 
Premenarchal and postmenarchal uteri have a small corpus 
and atrophic or absent cycling endometrium; the length of the 
corpus equals that of the cervix [5-10] (Fig. 3). The uteri of 
postmenopausal females taking exogenous estrogen have an 
MR appearance similar to the uteri of women of reproductive 
age. 

The length and orientation of the normal cervix vary. The 
best depiction of the cervix is on the T2-weighted image. The 
normal cervix has two separate zones. A central zone imaged 
with high signal intensity represents the cervical epithelium 


HRICAK 


AJR:146, June 1986 





Fig. 2.—Normal volunteer of reproductive age taking oral con- 
traceptive pills. TR = 2 sec, TE = 56 msec. Corpus uterus is 
globular in configuration. Myometrium (m) is of high signal intensity, 
and differentiation between myometrium and endometrium is not 
possible. Two small leiomyomas (arrows) are identified. Normal- 
appearing cervix (c) with distinction between cervical stroma and 
central mucus. 





Fig. 3.—Postmenopausal uterus of normal volunteer. TR = 2 sec, 
TE = 40 msec. Corpus length similar to cervix length (c). Within corpus, 
differentiation between myometrium (m) and endometrium (arrow) is 
poor. Myometrium is of lower signal intensity than the myometrium in 
women of reproductive age. This normal volunteer was 10 years 
postmenopausal. 


and mucus. It is surrounded by a cylinder of low-intensity, 
fibrous cervical stroma [5] (Figs. 2 and 4). The parametrium 
is imaged with medium-high signal intensity and is easily 
distinguished from the low-intensity cervical stroma [5, 11] 
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Fig. 4.—Anteflexed, horizontally positioned cervix. On sagittal image. TR= 
2 sec, TE = 60 msec. Horizontal orientation of cervix (c) is seen. Cervical 
stroma imaged with low signal intensity can be separated from higher intensity 
mucus. V= vagina; B = urinary bladder. On the transverse image (B) (TR = 
0.5 sec, TE = 30 msec), intensity of cervix (C) blends with surrounding 


A 


Fig. 5—Normal vagina. A, TR = 2 sec, TE = 60 msec. Anatomic location 
of lowerthird of vagina (black arrowhead) marked by anterior-placed urethra 
(black arrow). Urethra is clearly separated from posterior low-intensity vagina 


(Fig. 4). On the second-echo image (TR = 2.0 sec, TE = 60 
msec), a high signal intensity from slow-flowing blood is often 
detected within the parametrium. Although a longitudinal cer- 
vical os is most common in the sagittal plane (Fig. 4), some- 
times the long axis is in zhe horizontal plane. Either plane of 
cervical orientation is easily depicted by MRI. 

The-vagina can be identified separately from the surround- 
ing structures on the T2-weighted image (Fig. 5). It is imaged 
with a high-intensity cen-er, representing the vaginal epithe- 
lium and mucus, and a lower-intensity wall. The anatomic 
division between the lower and upper thirds of the vagina is 
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parametrium (p). Uterine vessels = arrowhead. Transverse image (C) (TR = 2 
sec, TE = 60 msec), Obtained at same anatomic location as 4B; cervical stroma 
is clearly separated from surrounding parametria, which are highly vascular and 
show increased signal intensity on this long-TR second-echo image. 


(black arrowhead). Levator ani (open arrows). B, In the same patient, a section 
2 cm more cephalad shows vaginal fornices (arrowheads). This demarcates 
upper third of vagina. Urinary bladder = B. 


easily seen on transverse images. The lower third of the 
vagina corresponds to a plane of section below the base of 
the bladder (Fig. 5A). Its anatomic level is marked by the 
anteriorly placed urethra. The middle third of the vagina 
corresponds to the level of the bladder base. The upper third 
of the vagina is demarcated by the lateral vaginal fornices 
(Fig. 5B). 

The normal ovaries are more difficult to demonstrate on 
MRI. They have a low to medium signal intensity on the T1- 
weighted image (short TR and TE) [12] (Fig. 6). When TR is 
short (0.5 sec), distinguishing ovaries from the Surrounding 
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Fig. 6.—Normal ovaries. A, On T1-weighted image (TR = 0.5, TE = 30 
msec), Ovaries have medium signal intensity, and distinguishing ovary from 
surrounding bowel loops or uterus (U) is difficult. Right ovary (o). Laterally 
positioned ovarian vessels (arrow) serve as landmark. Urinary bladder = B. B, 


bowel loops is difficult. When TR is longer, ovarian signal 
intensity increases and approaches that of the surrounding 
fat. The sagittal plane is ideal for demonstrating the uterus, 
but not the ovaries. The anatomic landmarks, the vessels 
Surrounding the ovaries identified as dark tubular structures 
at their periphery, are easily seen in coronal or transverse 
planes. Although there are difficulties in imaging the ovaries, 
normal ovaries are demonstrated on MR in 87% of women of 
reproductive age when continuous slices without gap are 
used and when the plane of imaging is either coronal or 
transverse [12]. 


Pathology 
Uterine Leiomyoma 


Leiomyoma is the most common uterine tumor, occurring 
in 20 to 30% of women during their reproductive years [13]. 
These tumors may be solitary or multiple and are found in 
submucosal, intramural, or subserosal sites of the uterine 
corpus or cervix. In the evaluation of leiomyoma, sonography 
often augments the pelvic examination. However, the sono- 
gram may appear normal in 22% of the cases of leiomyoma 
[1]. The examination is of limited value when tumors are 
small, when the uterus is retroverted or retrodisplaced, and 
when there is coexisting ovarian disease [1-3]. MRI can 
provide more accurate assessment of the number, size, and 
precise location of leiomyomas. This is important in the clinical 
settings of infertility or recurrent abortion, or before myomec- 
tomy [14]. Tumors as small as 0.5 cm are accurately dem- 
onstrated by MRI (Fig. 7), and the precise location of the 
mass in either a submucosal, myometrial, or subserosal po- 
sition is clearly displayed (Fig. 8). 

The optimal imaging sequence for the diagnosis of an 
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With prolongation of TR at 2 sec and second echo image (TE = 60 msec), 
signal intensity of ovaries increases and approaches that of Surrounding fat. 
Ovarian vessels (arrow) are identified as dark tubular structures at periphery 
of adnexa. 


intramural and submucosal leiomyoma is the T2-weighted 
image, which renders the best contrast between the tumor 
and the myometrium or endometrium (Figs. 7 and 8). A 
combination of T1- and T2-weighted sequences is always 
desirable. However, both T1- and T2-weighted sequences 
are required in the evaluation of subserosal leiomyomas. The 
T1-weighted image will make tumor distinction from adjacent 
adipose tissue optimal, while the T2-weighted image is 
needed for the assessment of tumor architecture and distinc- 
tion of tumor from normal myometrium. 

In correlating MRI features of leiomyoma with histologic 
characteristics, two main groups of leiomyomas can be iden- 
tified: degenerative and nondegenerative leiomyomas (Figs. 
2, 7, and 8). Nondegenerative leiomyomas have uniform echo 
distribution, and their signal intensity is similar to or slightly 
lower than that of myometrium on the T1-weighted image. 
On the T2-weighted image, the signal intensity is considerably 
lower than that of adjacent myometrium or endometrium. 
Degenerative leiomyomas demonstrate a spectrum of signal 
intensities ranging from low to high. Degenerative leiomyomas 
usually have a heterogeneous signal intensity on the T2- 
weighted image. The type of degeneration (either hyaline, 
myxomatous, or fatty) cannot be differentiated by MRI. Fur- 
thermore, MRI cannot distinguish between benign and malig- 
nant tumor degeneration [14]. 

In view of the modern surgical approach to leiomyoma, the 
accuracy Of MRI in the diagnosis of submucosal tumors, 
which are a known cause of excessive uterine bleeding, 
infertility, and abortion, can have a significant clinical impact. 
Noninvasive identification of small lesions within or adjacent 
to the endometrial cavity can guide the surgical approach 
through the hysteroscope in circumstances in which uterine 
conservation is desired. The MRI study can obviate multiple 
dilatation-and-curettages and/or hysteroscopy. 
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Fig. 7.—Multiple leiomyomas. TR = 2.0 sec, TE = 56 msec. Various-size 
leiomyomas [the largest one (L) seen anteriorly] are well visualized adjacent to 
higher-intensity myometrium because of their low signal intensity. Small leiom- 
yoma (0.3 cm) (arrow) is well seen. Fundal leiomyoma (open arrow) is calcified 
and creates no signal. “Junctiona zone” is intact and endometrium (e) is well 
displayed. Normal cervix (c). Reprnted with permission from Hricak et al. [8]. 





A 


Fig. 9. Endometrial carcinoma in a postmenopausal patient (68 years old), 
not taking exogenous hormones. A, Sagittal image, TR = 1.0 sec, TE = 28 
msec. Endometrial cavity is expanded and filled with medium-signal-intensity 
tumor (T). Myometrium (arrow) 5 compressed and imaged with low signal 


Endometrial Carcinoma 


Carcinoma of the endometrium is the most common inva- 
sive carcinoma of the female genital system and the fourth 
most frequent malignancy in American women [15]. Therapy 
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Fig. 8.—Subserosal leiomyomas. Uterus = U. Smaller anterior leiomyoma 
(L) and larger posterior subserosal leiomyoma (LL). Within larger posterior 
subserosal leiomyoma, a central area of high signal intensity (curved arrow) 
represents area of cystic degeneration. Reprinted with permission from Hricak 
et al. [14]. 


d 


intensity. Tumor extends into cervix (c). Bladder = B. B, TR = 1 sec, TE = 56 
msec. On second-echo image, the contrast between myometrium and tumor is 
enhanced. Margins of myometrium are intact, indicating that there is no 
transmyometrial tumor extension. 


for endometrial carcinoma is determined by its stage; thus, a 
reliable method for evaluation of the presence and extent of 
carcinoma is essential [16]. The staging system of the Inter- 
national Federation of Gynecology and Obstetrics (FIGO) is a 
clinical system and is suboptimal compared with surgical 
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Fig. 10.—Endometrial carcinoma. Transverse image, TR = 2 sec, TE = 60 
msec. On this T2-weighted image, uterus is enlarged for patient's age. There 
is tumor (T) in corpus. Surrounding myometrium (m) is intact and no transmy- 
ometrial tumor invasion is detected. Ascites = A. Simple ovarian cyst (Cy). 


Staging. Radiologic techniques, such as CT and sonography, 
are unreliable for staging endometrial carcinoma [17]. On 
MRI, endometrial carcinoma is detected as an abnormality in 
the central endometrial cavity. Widening of the endometrium 
or the presence of endometrial masses are important findings 
[18] (Figs. 9 and 10). In postmenopausal women not taking 
exogenous hormones, high signal intensity in the central canal 
can be seen only on the T2-weighted image and is never 
greater than 2 mm in width. In endometrial carcinoma patients, 
the central high-intensity endometrium is wider. The disruption 
of the low-intensity line (“junctional zone”) between the myo- 
metrium and endometrium may be an important indication of 
myometrial invasion. The junctional zone is always seen in 
normal premenopausal women, but can be absent in normal 
postmenopausal women. Preservation of the junctional zone 
is an excellent indicator that endometrial carcinoma is con- 
fined to the endometrium. The junctional zone is absent in 
every patient in whom myometrial invasion is found. Segmen- 
tal nonvisualization of the junctional zone is also a reliable 
finding of transmyometrial invasion. However, as complete 
nonvisualization of the junctional zone can occur with normal 
postmenopausal women, nonvisualization of the junctional 
zone should be coupled with additional findings before the 
diagnosis of transmyometrial invasion is made [18]. MRI 
cannot differentiate between endometrial carcinoma and ad- 
enomatous hyperplasia. Histologic diagnosis is required. 
When endometrial carcinoma is histologically documented, 
the local staging of the disease by MRI is excellent and the 
uterine size and invasion of the myometrium or cervix can be 
clearly demonstrated [8, 18]. The MRI depiction of lymphad- 
enopathy is similar to that of CT [19, 20]. Both techniques 
rely on size of the node, and neither MRI nor CT can differ- 
entiate malignant from hyperplastic node enlargement [21]. 
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Fig. 11.—Cervical carcinoma (TR = 2 sec, TE = 60 msec). Tumor (T) is 
expanding cervical canal and extending to upper vagina. Remaining cervical 
stroma (arrowhead), imaged with low signal intensity, is intact. Urinary bladder 


Carcinoma of the Cervix 


Invasive carcinoma of the uterine cervix is the most com- 
mon malignancy of the reproductive tract in women under the 
age of 50 with a yearly incidence of 16,000 new cases and 
7400 deaths [22]. Clinical examination and Currently used 
radiologic studies, including sonography and CT, are limited 
in providing accurate assessment of tumor extent [16]. The 
Stage of the disease, with emphasis on whether the tumor is 
confined to the cervix or extends to the parametria, is the 
most critical factor in determining the optimal therapy and the 
prognosis [23]. 

MRI has excellent sensitivity in depicting the neoplasm and 
separating tumor from cervical stroma. The soft-tissue dis- 
crimination enhances the MRI accuracy in the staging of 
localized cervical neoplasm [11]. Once cancer is demon- 
strated, MRI is useful in determining tumor extent, including 
involvement of the cervical stroma, vagina, or parametrium 
(Fig. 11). On the T2-weighted image, the cervical neoplasm 
has a high signal intensity clearly distinguishable from that of 
the cervical surrounding normal tissue. On the T1-weighted 
image, the cervical mass is isointense with the normal cervix, 
and only gross parametrial or ovarian extension Causing 
contour abnormalities can be visualized. Vaginal involvement 
must always be assessed in two planes perpendicular to each 
other. It is detected as a mass interrupting the normally low- 
intensity vaginal wall. Parametrial extension is diagnosed by 
either an asymmetric appearance of the parametrium or by 
abnormal tumor intensity extending into the parametrial re- 
gion. 
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Fig. 12.—Patient with multiple songenital anom- 
alies. Normal right uterus. Myometrium (m) is clearly 
separated from central high-intensity endometrium 
(e). Normal cervix (c). Two masses are seen in the 
midline. Lower one presents second uterus (u) dis- 
tended with blood. Cervix (asterisk) of second 
uterus is fibrotic, and no cervical canal can be seen. 
Large high-signal-intensity mass (E) is endome- 
trioma (surgically proved). 


| 
Ovarian Disease — 


The direct multiplanar imaging capability of MRI is particu- 
larly useful in determining the ovarian or uterine origin of a 
pelvic mass. When 4 mass is very large, determination of its 
origin can be cae The ability of MRI to see consistently 
the uterine zonal anatomy facilitates depiction of the origin of 
the pelvic mass (Fig. 12). he transverse or coronal plane or 
a combination of the two planes appears to be the most 
useful in evaluating ovarian disease. 

Simple ovarian cysts appear as well-circumscribed homo- 
geneous masses with a smooth interface (Fig. 13). When 
peripherally located, simple cysts have smooth and almost 
imperceptible walls. All simple ovarian cysts are imaged with 
a low signal intensity on the T1-weighted image. Their signal 
intensities increase on the T2-weighted images. An ovarian 
hemorrhagic cyst is seen as a well-circumscribed homoge- 
neous mass with a smooth wall of varied thickness (Fig. 12). 
The signal intensity of hemorrhagic ovarian cysts varies with 
their age. Acute hemorrhagic cysts have an intermediate 
signal intensity on T1-weighted images and a high signal on 
T2-weighted images. Chronic hemorrhagic cyst shows high 
signal intensity on the shcrt-TR, short-TE (T1-weighted) im- 
age. Its signal intensity is similar to that of fat on the T2- 
weighted image (Fig. 12). 

MRI can unequivocally distinguish between simple fluid (no 
protein content, no hemorrhage) and all other types of lesions. 
However, the presence of simple or hemorrhagic fluid does 
not specify a particular gyr ecologic process, and MRI cannot 
differentiate benign from malignant ovarian lesions. Further- 
more, with current technicues, MRI cannot consistently dif- 
ferentiate old hemorrhagic fluid from fat. This is important, 
since some dermoid cysts consisting of fat produce a high 
signal intensity regardless of which TR or TE is used and 
have been reported to be indistinguishable from fat [12]. MRI 
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Fig. 13.—Simple ovarian cyst (TR = 2 sec, TE = 30 msec). Patient has 
massive ascites (A). Ovarian cyst (Cy) has homogeneous low signal intensity 
suggestive of simple fluid content. Findings were proven at surgery. 


cannot consistently distinguish between the solid component 
of hemorrhage and malignant lesions. 


Conclusion 


MRI is emerging as an important imaging technique in the 
study of the female pelvis. Sonography remains the best 
screening procedure for the evaluation of a suspected pelvic 
mass. Precise localization and tissue differentiation, however, 
are better achieved with MRI. Therefore, when a sonogram 
is suboptimal, the origin of a pelvic mass is not established, 
or when differentiation between a simple-fiuid lesion and 
another type of ovarian tumor requires further clarification, 
MRI can be useful. Currently, the most important role of MRI 
is in the staging of endometrial and cervical neoplasms. The 
role of MRI in the study of ovarian tumors needs further 
investigation. While many applications of MRI are already 
established, clinical experience is still limited, and the full 
potential of MRI for the evaluation of the diseases of the 
female pelvis has not yet been determined. 
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MRI of Pulmonary Airspace 
Disease: Experimental Model and 
Preliminary Clinical Results 





To evaluate the potential of MRI for differentiating the various causes of pulmonary 
consolidation, 16 patients with known airspace diseases were imaged, and T1 and T2 
values were determined. Substantial overlap was encountered between different diag- 
nostic groups on T1 and T2 mapping, although alveolar proteinosis was notable for its 
low T1 value. In addition, a gelatin phantom simulating consolidation with varying 
degrees of residual aeration was constructed and tested, demonstrating that the degree 
of aeration did not influence the T1 and T2 values measured. 


Pulmonary airspace disease (pulmonary consolidation) can be produced by 
various conditions in which alveolar airspaces are filled with such fluids as blood, 
pus, and edema, or proteinaceous material. These processes frequently cannot be 
differentiated on chest radiography or CT scan and therefore may present a 
diagnostic dilemma. MRI provides greater contrast resolution than CT and offers 
the potential for tissue characterization. We wished to determine if useful informa- 
tion about the cause of pulmonary consolidation could be obtained in a ciinical 
setting by measuring T1 and T2 proton relaxation times of the intraalveotar fluid 
using MRI. 

Since areas of pulmonary consolidation contain a variable number of residually 
aerated alveoli, it was necessary to determine whether varying amounts of residual 
aeration, producing volume averaging, would change T1 and T2 values determined 
using our magnet. We devised and tested an experimental phantom simulating 
pulmonary consolidation with different degrees of residual aeration. Subsequently, 
a series of patients with a wide range of known pulmonary airspace diseases were 
evaluated with MRI, and the T1 and T2 values were determined. 


Methods 
Phantom 


Using a matrix of Knox gelatin prepared at three times the recommended strength, a 
phantom was constructed to simulate pulmonary airspace disease with varying degrees of 
residual aeration. A portion of the gelatin was whipped with air and combined with unwhipped 
gelatin in different ratios, yielding varying numbers of bubbles of uniform size evenly distributed 
in a stable matrix. The bubbles measured less than 1 mm. The density of the resulting gelatin 
foam mixtures ranged from 1 g/ml (approximately 1% air) to 0.37 g/ml (approximately 61% 
air). 

Vials of the gelatin-air mixtures were then imaged with a Diasonics MT/S system (Milpitas, 
CA) operating at 0.35 T, using spin-echo pulse sequences with repetition times (TR) of 2000 
and 500 msec and echo times (TE) of 28 and 56 msec. T1 and T2 values were determined 
at each of three levels within the tubes, and the means and standard deviations of these 
values were calculated. T1 values for a control series of similar tubes were measured with a 
PRAXIS II pulsed NMR analyzer (San Antonio, TX), operating at a field strength of 25 F 
using a partial saturation recovery technique. 
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Patient Series 


To determine the usefulness of T1 and T2 values in predicting the 
origin of airspace disease, 19 patients with a variety of known 
airspace diseases, as determined by clinical findings, bronchoscopy 
and/or lung biopsy, were evaluated. Diseases or disease categories 
included pulmonary edema (three patients), postobstructive pneu- 
monitis (four patients), pulmonary alveolar proteinosis (two patients), 
pneumocystosis pneumonia (three patients), nonobstructive lobar 
pneumonia (two patients), pulmonary hemorrhage (one patient), and 
acute radiation pneumonitis (one patient). Three other patients were 
eliminated because of technically poor studies. Patients were imaged 
with a Diasonics MT/S system operating at 0.35 T, using spin-echo 
sequences with TR values of 2000 and 500 msec and TE values of 
28 and 56 msec. T1 and T2 values were calculated [1] for at least 
three regions of interest per patient, with an attempt made to choose 
areas of different appearance in order to represent the widest possible 
Spectrum of the disease in question (see Figs. 4 and 5). 


Results 
Phantom 


Plotting the calculated T1 and T2 values against the density 
of the gelatin foams revealed that the calculated T1 and T2 
values remained relatively constant regardless of degree of 
aeration within the range tested (Fig. 1). 

Similar results were obtained by plotting T1 values meas- 
ured with the PRAXIS II NMR analyzer against density (Fig. 
2). 


Patient Series 


Means and standard deviations of T1 and T2 were deter- 
mined for each patient and for each disease process. Table 
1 lists the diagnosis, history or method of documentation, 
number of regions of interest examined, and means and 
Standard deviations of calculated T1 and T2 for each patient. 
Cumulative means and standard deviations for each disease 
process were obtained by weighing equally all data points 
available in each category. T1 and T2 mapping of the means 
and standard deviations for the pooled data for each disease 
process revealed considerable overlap between the diagnos- 
tic groups (Fig. 3). 

The mean T1 values measured from patients with pulmo- 
nary edema, postobstructive pneumonitis, pulmonary hem- 
orrhage, radiation pneumonitis, and lobar pneumonia were 
quite similar, with the longest T1 values recorded in patients 
with lobar pneumonia (Table 1 and Fig. 4). The greatest 
variation within a diagnostic group occurred in patients with 
pulmonary edema, with T1 values ranging from 747 to 1509 
msec. The longest T1 value was found in a patient with acute 
edema, while in two patients with lower T1 values, the edema 
was chronic. 

The T1 values recorded in both patients with pulmonary 
alveolar proteinosis were very low compared with the patho- 
logic processes described above. T1 values in patients with 
Pneumocystis carinii pneumonia were intermediate (Table 1 
and Fig. 5). 

As can be seen on T1 and T2 mapping, T2 values were 
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Fig. 1.—Graph showing relationship of T1 and T2 values determined using 
MRI relative to density of gelatin-air phantom. Circles represent means, vertical 
lines represent 1 SD above and below mean. Note absence of significant 
change in T1 and T2 values with variations in phantom density. 


not useful in distinguishing between various types of airspace 
disease (Fig. 3). 

T1 and T2 values were variable within each patient, but in 
the areas of significant consolidation that were used for 
measurements there did not appear to be a consistent rela- 
tionship between the degree of consolidation and T1 or T2 
values. The effects of residual aeration cannot be isolated in 
Clinical circumstances because in most processes, the nature 
of alveolar contents change with increasing severity of dis- 
ease. A possible exception to this is alveolar proteinosis. In a 
patient with this disease, 16 measurements were obtained in 
areas of varying consolidation, as estimated by relative inten- 
sity on the TR 2000 msec, TE 28 msec image. T1 and T2 
values were compared with intensities, making the assump- 
tion that alveolar contents were uniform and intensity reflected 
only the degree of aeration. Intensities varied from approxi- 
mately 1100 to approximately 2650 arbitrary units (areas with 
no visible consolidation measured 500-600 arbitrary units; 
muscle measured 2171 arbitrary units). 

T2 values demonstrated no significant relationship (p ap- 
proximately equal to 0.5) to the degree of consolidation as 
estimated by MR intensity, the regression line defined by the 
equation T2 = 47.1 + 0.004(intensity). T1 values showed a 
trend of borderline significance (p very Slightly less than 0.05) 
to increase with increasing degrees of consolidation as esti- 
mated by MR intensity, the regression line defined by the 
equation T1 = 291.9 + 0.145(intensity). Unfortunately, it is 
impossible to know if such a trend reflects a change in alveolar 
contents, an artifact of measurement, or other factors, such 
as the diminishing contribution to T1 of the relatively low T1 
normal lung parenchyma with increasing consolidation (mean 
T1 for three areas in this patient that appeared to be unin- 
volved was 401 msec). 
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Fig. 2.—Graph showing relatiorship of T1 meas- 
ured on PRAXIS II NMR analyz2r to density of 2000- 
gelatin-air mixture. 
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TABLE 1: Airspace Diseases: T1 and T2 Values 






































Diagnosis: Case No. History/ T1 in msec T2 in msec 
(no. of data points) Documentation (SD) (SD) 
Pulmonary edema: 
1 (3) Acute MI 1509 (107) 59 (9) 
2 (3) Cardiomyopathy 747 (132) 122 (22) 
3 (4) Chronic CHF 853 (458) 60 (11) 
Total (10) 1018 (439) 78 (33) 
Postobstructive pneumonitis: 
4 (3) RLL bronchogenic CA 727 (253) 74 (14) 
5 (3) Segmental RUL obstruction 915 (70) 59 (3) 
(bronchogenic CA) 
6 (4) LUL bronchogenic CA 1001 (195) 74 (7) 
7 (4) Oat cell obstructing RUL 1026 (70) 67 (6) 
Total (14) 931 (185) 68 (9) 
Alveciar proteinosis: 
8 (3) Lavage 414 (73) 71 (18) 
9 (3) Lung biopsy 482 (92) 63 (9) 
Total (6) 448 (84) 67 (13) 
Pneumocystis pneumonia: 
10 (3) Transbronchial biopsy 694 (48) 72 (11) 
11 (3) Transbronchial biopsy 635 (115) 85 (4) 
12 (3) Transbronchial biopsy 687 (29) 48 (5) 
Total (9) 672 (70) 69 (17) 
Loba” pneumonia (nonobst): 
13 (3) Acutely febrile, RML con- 1127 (30) 79 (1) 
solidation 
14 (3) Acutely febrile, LLL consol- 1299 (308) 63 (2) 
idation 
Total (6) 1213 (217) 71° (9) 
Pulmonary hemorrhage: 
15 (6) 1-week episodic severe 1002 (119) 63 (11) 
hemorrhage from RUL 
CA 
Acute radiation pneumonitis: 
16 (3) Steroid-responsive, in RTX 894 (180) S1. te) 


field 


iia 


Note.—MI = myocardial infarction; CHF = congestive heart failure; RLL = right lower lobe; RUL = right upper lobe; LUL = left upper 
lobe: CA = carcinoma; RML = right middle lobe; LLL = left lower lobe; RTX = radiation therapy. 
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Discussion 


MRI with measurement of T1 and T2 values may be useful 
in the in vivo characterization of various normal and abnormal 
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Fig. 3.—T1 and T2 mapping of mean values for each disease process in 
Table 1. Sides of boxes represent 1 SD above and below mean on T1 axis and 
T2 axis. Considerable overlap between diagnostic groups is evident. 
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fluid collections [2, 3]. In general, T1 and T2 values increase 
in proportion to the water content of fluids or tissue [4, 5], 
but they are also influenced by the presence of lipids and by 
interactions between water and both large and small mole- 
cules with which they come in contact [2, 3]. 

Biological fluids can contain a variety of substances in 
solution and suspension as well as cellular elements, and 
thus may be complex. Fluids resulting from different patho- 
logic processes may have similar compositions. Therefore, a 
simple relationship between the MR characteristics of a fluid 
and its cause would not be expected. However, some infor- 
mation regarding fluid composition is available from T1 and 
T2 values. In a study of MR spectroscopy of body fluid 
Samples obtained by percutaneous aspiration or drainage, 
fluid from abscesses and hematomas had shorter T1 and T2 
values than other fluids such as bile, ascites, cyst fluid, urine, 
and pleural fluid [3]. 

In the lung, airspaces may be filled by fuids that vary in 
composition depending on the pathologic process involved. 
For example, pulmonary edema fluid can be low in protein, 
while pneumonia may be associated with alveolar exudates 
containing large amounts of protein, cells, end blood [6-10]. 
The nature of the fluids may also change over time, as in the 
case of pulmonary hemorrhage, organizing pneumonia, or 
resolving edema. 

In patients with pulmonary consolidation, variable amounts 
of residual air are present. Volume averaging of low-intensity 
air and fluids within the lung can result in widely varying MR 
intensities, depending on the proportions of fluid and air. 


Fig. 4.—A, Posteroanterior radiograph in a patient with bacterial pneumonia demonstrates inhomoge- 
neous left lower lobe consolidation. B, T1-weighted MR image (TR = 500 msec, TE = 28 msec) shows 
low-intensity signal from left lower lobe consolidation. C, MR at same level using longer TR value (TR = 
2000 msec, TE = 28 msec) shows marked increase in intensity of left lower lobe consolidation. indicating 
long T1 value. D, T2-weighted image (TR = 2000 msec, TE = 56 msec) shows slight increase in intensity 
relative to image with shorter echo time. Note differences in appearance in segmen:s of involved lobe. T1 
and T2 values were dete 
spectrum of the disease. 


rmined separately for these areas in order to characterize widest possible 
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However, taking as an exemple a case in which every other 
pixel is replaced by air, the relative intensities of images 
obtained with-different TR and TE values, from which T1 and 
T2 values are-determined [1], will remain the same. In studies 
of our phantom, at least within the range of values of aeration 
that we evaluated and for the gelatin matrix, the amount of 
air incorporated within the sample did not have a noticeable 
effect on measured T1 and T2 values. The gelatin model only 
tests the effects of aeration; it does not attempt to assess 
the contribution of any areas of normal lung tissue included 
in the region of interest, a factor difficult to assess in the 
clinical setting. However, “he intensity of normal living lung 
parenchyma is low, and its relative contribution to T1 and T2 
values is probably negligible in cases with significant consoli- 
dation, although we suspect that it may influence measure- 
ments in areas of minimal consolidation. Such areas would 
also demonstrate a decreased signal-to-noise ratio. There- 
fore, in applying this technique, areas of minimal consolidation 
should probably be avoided. 

In our patient series, measured T1 and T2 values in cases 
of pulmonary edema, postobstruction pneumonitis, lobar 
pneumonia, pulmonary hamorrhage, and acute radiation 
pneumonitis showed considerable overlap. The two patients 
with pulmonary alveolar proteinosis showed much lower val- 
ues of T1. This disease is characterized by the deposition of 
lipoproteinaceous material within the airspaces [11, 12], but 
little edema fluid is present. The short T1 measured in both 
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Fig. 5.—A, Posteroanterior chest radiograph in a patient with pulmonary alveolar proteinosis shows 
diffuse, patchy consolidation. B, T1-weighted image (TR = 500 msec, TE = 28 msec) shows diffuse 
consolidation with low signal intensity. C, Image at same level obtained using long TR (2000 msec) shows 
little increase in signal intensity. T1 was relatively short, measuring 414 msec. D, T2-weighted image (TR 
= 2000 msec, TE = 56 msec) shows minimal increase in intensity. 


patients probably reflects both the relative absence of water 
within the airspaces and the presence of lipoprotein. 

We suspect that the wide variations we observed in T1 
values in patients with pulmonary edema reflect in part the 
nature of the edema (acute or chronic) and are probably 
related to the protein content of the edema fluid [6-8]. Acute 
pulmonary edema in a patient with myocardial infarction had 
the longest T1 value. A potential use of the technique might 
be to differentiate cardiogenic pulmonary edema from non- 
cardiogenic pulmonary edema. Unfortunately, such patients 
are generally very ill and thus are poor candidates for pro- 
longed imaging procedures. 

It may be argued that by using a purely clinical approach, 
we could not determine the precise composition of the alveo- 
lar contents (e.g., amount of protein, blood, water). However, 
the cases presented represent patients with well-established 
diagnoses. We feel that in anticipating a possible clinical use 
for this method, our approach is justified. Although our prelim- 
inary data suggest that most pathologic processes resulting 
in pulmonary consolidation cannot be readily differentiated on 
the basis of T1 and T2 characteristics, definitive assessment 
of this technique requires further study. 


REFERENCES 


1. Herfkens R, Davis P, Crooks L, et al. Nuclear magnetic reso- 
nance imaging of the abnormal live rat and correlations with 
tissue characteristics. Radiology 1981;141:211-218 


1128 MOORE ET AL. AJR:146, June 1986 


2. Kjos BO, Brant-Zawadzki M, Kucharczyk W, Kelly WM, Norman 7. Carlson RW, Schaffer RC, Michaels SG, Weill MH. Pulmonary 


D, Newton TH. Cystic intracranial lesions: magnetic resonance edema fluid: spectrum of features in 37 patients. Circulation 
imaging. Radiology 1985;155:363-369 1979;60: 1161-1169 

3. Brown JJ, vanSonnenberg E, Gerber KH, Strich G. Wittich GR, 8. Fein A, Grossman RF, Jones JG, et al. The value of edema fluid 
Slutsky RA. Magnetic resonance relaxation times of percuta- protein measurements in patients with pulmonary edema. Am J 
neously obtained normal and abnormal body fluids. Radiology Med 1979;67 :32-38 
1985;154:727-731 9. Spencer H. The bacterial pneumonias. In: Pathology of the lung, 

4. Skalina S, Kundel HL, Wolf G, Marshall B. The effect of pulmo- 4th ed. New York: Pergamon Press, 1985: 167-212 
nary edema on proton nuclear magnetic resonance relaxation 10. Spencer H. Pneumocystis pneumonia. In: Pathology of the lung, 
times. Invest Radio! 1984;19:7-9 4th ed. New York: Pergamon Press, 1985:372-379 

5. Huber DJ, Kobzik L, Melanson G, Adams DF. The detection of 11. Spencer H. Alveolar lipo-proteinosis (alveolar proteinosis). In: 
inflammation in collapsed lung by alterations in proton nuclear Pathology of the lung, 4th ed. New York: Pergamon Press, 
magnetic relaxation times. Invest Radiol 1985:20:460-464 1985 : 726-732 

6. Milne ENC, Pistolesi M, Miniati M, Giuntini C. The radiologic 12. Miller PA, Ravin CE, Smith GJW, Osborne DRS. Pulmonary 
distinction of cardiogenic and noncardiogenic edema. AJR alveolar proteinosis with interstitial involvement. AJR 1981; 
1985;144:879-894 137:1069-1071 





Call For Papers 






American Roentgen Ray Society 
1987 Annual Meeting: 
April 26-May 2, Miami, FL 









Abstracts of papers should be submitted by September 20, 1986 to 
Dr. R. A. Gagliardi 
Department of Radiology 
St. Josephs Mercy Hospital 
900 Woodward Avenue 

Pontiac, MI 48053 















Scientific Exhibit proposals (slides should be non-glass mounted) should be submitted by September 20, 1986 to 

Dr. J. E. Madewell 
Department of Radiology 
Baylor College of Medicine 
1 Baylor Plaza 
Houston, TX 77030 










David L. Spizarny" ° 
Jo-Anne O. Shepard’ 
Theresa ©. McLoud' 

Hermes C. Grillo? 

Carolyn G. Dedrick' 


Received October 15, 1985; azcepted after re- 
vision Janmary 29, 1986. 


1 Department of Radiclogy, Massachusetts Gen- 
eral Hospeal, Boston, MA 02114. Address reprint 
requests tp T. C. McLoud. 


2 Present address: Department of Radiology, 
Universitysof Michigan Medical Center, Ann Arbor, 
MI 48105. 


3 Department of Thoracic Surgery, Massachu- 
setts General Hospital, Boston, MA 02114. 


AJR 146:7129- 1132, June 1986 
036 1-802«/86/1466-1 129 
© American Roentgen Ray Society 


1129 


CT of Adenoid Cystic 
Carcinoma of the Trachea 





The CT features of six cases of adenoid cystic carcinoma of the trachea are presented 
and compared to the bronchoscopic, surgical, and pathologic findings. CT accurately 
demonstrated extratracheal extension of tumor, which occurred in all six cases and 
which was not visible on standard chest radiographs. This information was helpful in 
planning the surgical approach. However, CT consistently underestimated the longitu- 
dinal extension of the lesion because of partial volume averaging and the tendency of 
adenoid cystic carcinoma to grow submucosally. CT was also a poor predictor of 
mediastinal organ invasion. Because recent advances in tracheal resection and carinal 
reconstruction have made many of these lesions resectable, CT is frequently used in 
the evaluation of the operability of patients with adenoid cystic carcinoma. However, its 
usefulness in this regard is limited, and conventional techniques such as standard 
tomography continue to play a role in preoperative assessment. 


Adenoid cystic carcinoma is the second most common primary tumor of the 
trachea [1]. Although originally classified as a bronchial adenoma, adenoid cystic 
carcinoma is actually a malignant tumor that may metastasize to the lungs, liver, 
abdominal lymph nodes, or bone [2]. Recent advances in tracheal resection and 
reconstruction have made surgical removal and cure of these lesions possible even 
when they are extensive and involve the carina and mainstem bronchi [3, 4]. 
Accurate preoperative mapping and staging are therefore essential. 

The standard radiographic and tomographic features of this tumor have been 
reported previously [4]. We undertook this study to determine the CT features of 
six cases of adenoid cystic tumor with particular reference to the role of CT in the 
preoperative imaging of these lesions. 


Materials and Methods 


The CT scans of six patients with pathologically proven adenoid cystic carcinoma were 
retrospectively reviewed by three radiologists with experience in thoracic imaging, and the 
results were compared to the bronchoscopic, surgical, and pathologic findings. All scans 
were performed on third- or fourth-generation scanners; two scans on EMI 7070 (Hayes, 
Middlesex, England), two on GE 8800 (Milwaukee, WI), one on Seimens Somaton DR2 (Iselin, 
NJ), and one on Pfizer 450. In five instances contiguous 10-mm sections were obtained. A 
single case was imaged with 8-mm sections. IV contrast material was used in those cases in 
which the tumor abutted vascular structures, that is, the arota or pulmonary artery. The CT 
scans were examined for the following features: (1) location of the tumor; (2) extent of 
tracheal involvement; (3) the presence of carinal, right or left main, and distal bronchial 
extension; (4) mediastinal invasion; and (5) the presence of lung, pleural, and mediastinal 
lymph node metastases. Mediastinal lymph nodes were considered positive if they were 
larger than 1.5 cm in the transverse diameter. Mediastinal invasion was considered present 
if the tumor extended outside the tracheal or bronchial walls. Criteria for esophageal or aortic 
invasion included contiguity of the tumor with these structures with obliteration of intervening 
fat planes. 

Medical records were reviewed with regard to the clinical presentation and bronchoscopic, 
surgical, and pathologic findings. 
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Fig. 1.—A, CT image at level of right upper lobe bronchus demonstrates 
total occlusion of left mainstem bronchus by adenoid cystic carcinoma. There 
is mediastinal extension (arrows) and collapse of left lung with leftward me- 
diastinal shift. No fat plane between descending aorta (curved arrow) and tumor 


Results 


The patients (five women and one man) ranged in age from 
30 to 56 years. Four presented with Symptoms suggesting 
pneumonia, one with hemoptysis, and one with wheezing, 
suggesting asthma. 

The following locations of the adenoid cystic carcinomas 
were demonstrated on CT scans: the distal trachea in three 
cases, the midtrachea in one case, and the carina and both 
main bronchi in one patient; in one patient, the involvement 
extended from the thoracic inlet to below the origin of both 
the left and right main bronchi. An intraluminal mass of soft- 
tissue density was noted in all six cases. Extension through 
the tracheal wall was a characteristic feature of these tumors. 
The extraluminal component was identified on CT in every 
case (Fig. 1). The primary site of involvement was the intra- 
thoracic trachea, but extension into the neck occurred in one 
patient. CT demonstrated carinal involvement in five of the 
Six Cases and tumor extension into the main bronchi in five 
Cases (Fig. 1). 

Three patients had radiographic evidence of complete ate- 
lectasis of one lung, and one patient had collapse of the right 
upper lobe. In these instances, CT Clearly demonstrated the 
occluded bronchi (Figs. 1 and 2). CT identified metastases to 
the pleura in one case (Fig. 3). 

The bronchoscopic, surgical, and pathologic findings were 
correlated with the CT features in five cases. One patient did 
not have surgical exploration or resection because of an 
extensive tumor involving the entire thoracic trachea that was 
demonstrated by both CT and bronchoscopy. Although CT 
was accurate in determining extension of the tumor into the 
Carina and mainstem bronchi, CT consistently underestimated 
the degree of longitudinal spread. In the five cases that were 
surgically explored, CT underestimated the tumor’s extent of 
growth along the trachea (Fig. 4). 

CT was highly accurate in the assessment of the extralu- 
minal component of the tumor and the degree of extension 
into the mediastinum and hilus. However, this was not the 
case with determination of organ invasion. CT demonstrated 
loss of fat planes between tumor and mediastinal structures 
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is evident. B, CT image obtained at level of great vessels in same patient as 
Figure 1. Adenoid cystic carcinoma (arrow) is present between trachea and air- 
filled esophagus (curved arrow). Left lung is collapsed. 3ecause of extensive 
involvement from subcarinal region to neck, the patient wes deemed inoperable. 





Fig. 2.—CT image immediately inferior to carina. Adenoid cystic carcinoma 
narrows and distorts right upper lobe bronchus (arrow). Right upper lobe is 
collapsed (open arrow). 





Fig. 3.—CT image shows pleural metastases (arrow) from adenoid cystic 
carcinoma. The lesions were proved by biopsy. 


(esophagus, aorta) in five cases (Fig. 1). In four of these 
cases, the structures were not involved at Surgery. Two cases 
had mediastinal nodal metastases. In each instance, CT failed 
to demonstrate the nodes that were less than 1.5 cm in size. 
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Fig. 4.—CT image just superior to level of right upper lobe bronchus. Right 
paratracheal tissue (arrows) was interpreted as azygos vein. At surgery, this 
area was involved by adenoid cystic carcinoma. 


Discussion 


Primary tracheal tumors are uncommon, accounting for 
less than 0.1% of all deaths due to carcinoma [2]. Most 
primary tracheal tumors in adults are malignant, with squa- 
mous cell carcinoma being most frequent [1]. In a series of 
110 primary tracheal tumors seen at the Massachusetts 
General Hospital, 38 (approximately 35%) were adenoid cystic 
carcinoma [3]. Unlike squamous cell carcinoma, which occurs 
predominantly in smokers [5], adenoid cystic carcinoma ap- 
pears to be unrelated to smoking [6]. There is no gender 
predilection, and the average age of patients in one series 
was 47 [7]. 

Pathologically, the tumor is composed of small epithelial 
cells arranged in sheets, with fenestration that gives a cribri- 
form pattern [8]. It grows slowly, in both the transverse and 
longitudinal planes. The tumor may burrow within the tracheal 
mucosa, thickening the mucosa without producing a distinct 
mass, and it often involves the entire circumference of the 
trachea [8]. Adenoid cystic tumor may infiltrate through the 
fibrous membrane betwee adjacent cartilage plates into the 
peritracheal tissue. Perineural or intraneural infiltration, as well 
as pericardial, great vessel, or pulmonary hilar involvement 
may occur [8]. Metastasis to regional lymph nodes may be 
present in 10% of the ceses at the time of diagnosis [9]. 
Distant metastases may cccur in the lungs, liver, abdomen, 
lymph nodes, or bones [4]. 

Symptoms usually relate to airway obstruction. In the Mas- 
sachusetts Genera! Hospi-al series of tracheal tumors, 69% 
of patients with adenoid cystic carcinoma presented with 
dyspnea. Hemoptysis occurred in 28% [1]. Wheezing is a 
frequent symptom in upper airway lesions. Patients may be 
incorrectly diagnosed and treated for asthma for months or 
years before the lesion is recognized. Indeed, one of our 
patients was being evaluated for “asthma” when her tracheal 
tumor was discovered. 

The plain film and conventional tomographic findings in 
adenoid cystic carcinoma have been described previously [4, 
10]. The intraluminal component is usually well visualized by 
conventional studies, and if the extratracheal component is 
large, distortion of the normal mediastinal contours may oc- 
cur. A barium swallow may demonstrate extrinsic esophageal 
compression or invasion, and thus help define the extratra- 
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cheal component of the tumor. Fluoroscopy can be used to 
evaluate tracheal obstruction dynamically. Restriction of vocal 
cord motion may indicate unsuspected involvement of the 
larynx or the recurrent laryngeal nerve. 

CT is valuable in demonstrating the primary tumor and its 
extent. In the three cases that presented with total lung 
atelectasis distal to the tumor, the location of the obstructing 
lesion was well shown (Fig. 1). Extraluminal growth in the 
transverse plane, a common feature of adenoid cystic carci- 
noma, was present in every case and was well demonstrated 
by CT. 

The treatment of adenoid cystic carcinoma involves surgical 
resection and anastomosis when possible [1, 3]. Criteria for 
inoperability include excessive longitudinal extent, macro- 
scopic mediastinal nodal metastases, distant metastatic de- 
posits, and direct invasion of contiguous mediastinal struc- 
tures such as the aorta and the esophagus. Our experience 
indicates that CT has a definite but limited role in the assess- 
ment of these factors. Its greatest usefulness appears to be 
in the detection of distant metastases. CT visualized a pleural 
metastatic deposit in the single case that was found to have 
nonnodal metastases (Fig. 3). 

In several of our cases, CT could not predict invasion of 
local structures. In five cases fat planes between the esoph- 
agus and the tumor were not visible on CT, and in all of these 
cases, the esophagus was found at surgery to be free of 
invasion. Contrast material was not useful in improving vis- 
ualization of fat planes between mediastinal tumor and the 
aorta. Indeed, loss of fat planes has been demonstrated to 
be an insensitive sign of local invasion in other tumors [11]. 

In the five cases that underwent surgical exploration, CT 
underestimated the extent of the tumor in the longitudinal 
plane. This is not surprising because of the effect of partial 
volume averaging in 10-mm-thick sections. In addition. ade- 
noid cystic carcinoma may grow submucosally without pro- 
ducing a distinct mass. For this reason, when surgical resec- 
tion is performed, frozen-section biopsy diagnosis of the 
resection margins is recommended, because the tumor may 
extend beyond even visibly clear margins [1]. Conventional 
tomography may be more accurate in evaluating the longitu- 
dinal growth of the tumor because, unlike CT, it is not limited 
to imaging in the transverse plane [12]. An accurate estima- 
tion of tumor length is critical in determining the feasibility of 
performing a resection, that is, the ability to successfully 
anastomose the tracheal ends without tension. 

CT failed to demonstrate adenopathy in two patients who 
were found to have lymph nodes positive for tumor at surgery. 
In one case, the nodes were all less than 1.5 cm in size. 
Partial volume averaging as well as mediastinal shift due to a 
collapsed right lung may have contributed to this false-nega- 
tive CT examination. The size of the positive lymph node in 
another case was not determined. Its peritracheal location 
may be responsible for the false-negative CT, because the 
lymph node may have blended with the mediastinal extension 
of the tumor. However, in both cases resection was still 
possible because the metastases were contained within the 
capsule of the involved nodes. 

When surgery is not indicated, usually because of extensive 
local disease or metastases, radiation therapy is recom- 
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mended [1, 3, 6]. Because of the tendency of this tumor for 
late recurrence, the eventual outcome of “curative” surgery is 
difficult to predict. In the 16 patients treated with surgical 
resection and reconstruction at Massachusetts General Hos- 
pital from 1962 to 1981, 12 are presently free of disease [1]. 
The remaining three patients died of recurrent tumor, one of 
which occurred 17 years after the primary resection. 

CT is a useful imaging procedure in adenoid cystic carci- 
noma. It is highly accurate in the assessment of tumor loca- 
tion, extraluminal extension that is not visible on standard 
radiographs, carinal involvement, and distant metastases. It 
is therefore recommended in the preoperative evaluation. 
However, CT is a poor predictor of longitudinal extent and 
mediastinal organ invasion. Standard tomography, which per- 
mits direct imaging in the coronal and sagittal planes, may be 
better for the assessment of tumor length. MRI, which can 
Produce images in several planes and which can delineate 
mediastinal fat with great clarity, holds promise for optimal 
imaging of these lesions. 
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Elliptical Cricoid Cartilage: 
A Unique Type of Congenital 
Subglottic Stenosis 





An elliptically shaped cricoid cartilage, a specific type of congenital subglottic ste- 
nosis, is described, and the laryngoscopic and radiographic findings in three cases are 
discussed. An “hourglass” deformity of the subglottic laryngeal airway on an antero- 
posterior airway radiograph is suggestive of this diagnosis. 


Congenital subglottic stenosis can be divided into two broad categories: “hard” 
and “soft,” on the basis of findings at direct laryngoscopy [1]. A histopathologic 
description of a unique form of hard stenosis due to an elliptically shaped cricoid 
cartilage (with its long axis oriented in the anteroposterior plane) was first presented 
by Tucker et al. in 1979 [2]. 

We have recently encountered three patients with congenital subglottic stenosis 
and laryngoscopically proven elliptical cricoid cartilages. The anteroposterior (AP) 
airway radiographs in all three patients revealed an unusual hourglass-shaped 
deformity, with the “waist” of the hourglass at the level of the cricoid cartilage. This 
differs from the more typical funneled appearance of the airway, resembling croup, 
seen in most cases of congenital subglottic stenosis [3]. 


Case Reports 
Case 1 


An 8-month-old black boy was born prematurely and was intubated for 2-3 weeks in the 
immediate neonatal period. He was discharged at 5 weeks of age. He was readmitted at 8 
months of age for noisy breathing. An AP airway radiograph demonstrated an hourglass 
deformity at the subglottic laryngeal airway (Fig. 1A). Direct laryngoscopy at that time revealed 
an elliptically shaped cricoid cartilage that was hard on palpation with a laryngoscope. The 
patient was discharged with plans for follow-up by the otorhinolaryngology service at another 
institution. 


Case 2 


A 6-month-old Hispanic boy was well until 2 days before admission, when he presented 
with respiratory distress, fever, stridor, and wheezing. He was treated medically for croup 
and showed some improvement. The otorhinolaryngology service was consulted because of 
persistent stridor. An AP airway radiograph revealed subglottic narrowing with an hourglass 
configuration (Fig. 1C). Direct laryngoscopy revealed an elliptically shaped, hard cricoid 
cartilage as well as tracheomalacia. A tracheostomy was performed. The patient is to be 
followed by the otorhinolaryngology service and is to return for a repeat direct laryngoscopy. 


Case 3 


A 2¥2-year-old white girl had congenital subglottic stenosis diagnosed at birth and required 
tracheostomy. During the ensuing 2 years, she had periodic direct laryngoscopic examina- 
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Fig. 1.—Anteroposterior (A, C, E) and lateral (B, D, F) radiographs of airways 
in cases 1 (A, B), 2 (C, D), and 3 (E, F). All three AP radiographs show typical 
“hourglass” deformity of congenital subglottic stenosis due to elliptically shaped 
cricoid cartilage. “Waist” of hourglass represents narrowed side-to-side dimen- 


tions. An AP airway radiograph at 2¥2 years of age revealed subglottic 
narrowing of the airway with an hourglass configuration (Fig. 1E). 
Laryngoscopy at that time showed persistent subglottic stenosis. 
When the laryngoscope was advanced between the true vocal cords, 
the subglottis was visualized, and a hard, elliptically shaped cricoid 
Cartilage was seen and palpated (Fig. 2). The airway at this level 
appeared adequate, and the patient is to return for decannulation of 
her tracheostomy. 


Discussion 


Subglottic stenosis in infants may be broadly categorized 
as congenital or acquired. Whereas congenital stenosis was 
once more common than acquired stenosis [4], increased use 
of assisted ventilation in neonates has been associated with 
a growing incidence of acquired subglottic stenosis, and 
endotracheal intubation is now its most common cause. 

Congenital subglottic stenosis may be further divided into 
soft and hard stenoses [1]. This distinction is made at the 
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sion of subglottic laryngeal airway, as the cricoid has snape of an ellipse, with 
its long axis in dorsal-ventral orientation. Lateral radDgraph shows marked 
subglottic narrowing in case 1 (B), mild subglottic narrcwing in case 2 (D), and 
normal appearance in case 3 (F). 


time of direct laryngoscopy by palpation cf the walls of the 
narrowed subglottic airway with an enddscope. The ste- 
noses in the three patients we report were at the level of the 
cricoid cartilage and were hard when palpated at laryngos- 
copy. In addition, the cricoid cartilages were elliptical in shape 
(with the long axis in the AP plane) on laryrgoscopic inspec- 
tion. 

The embryology of subglottic stenosis is controversial. 
Frazer [5] theorizes that the stenosis is due to failure of 
adequate recanalization of the larynx at the 9-week embryo 
Stage after the normal obliteration of the ILmen by a prolifer- 
ation of entodermal cells at the 7-week stace. A hard stenosis 
might be caused by recanalization of the tused tissues after 
the appearance of chondrification centers ‘or the cricoid car- 
tilage [1]. Walander [6] put forth an oppesing theory, sug- 
gesting that the larynx develops from a solid outgrowth of 
epithelial tissue from the pharynx. The larymgeal ventricle and 
the infraglottic laryngeal airway develop within this epithelial 
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Fig. 2.—A, View through laryngoscope looking at true vocal cords (arrows) 
from above (anterior is toward top cf picture, and posterior is toward bottom). 
B, Laryngoscope has been advanced through true vocal cords, and elliptically 
shaped cricoid cartilage is visualized (arrows). This corresponds to “waist” of 
hourglass on anteroposterior radiographs of airway. This structure was hard 


outgrowth. Arrest of the devalopment of the larynx at different 
stages would lead to congenital stenoses at varying levels [6, 
7]. Ongoing research by Tucker and O'Rahilly may help to 
elucidate the embryology of congenital anomalies of the sub- 
glottis (Tucker JA, personal communication). 

The typical radiographic finding in congenital subglottic 
stenosis has been described as symmetric narrowing that 
may resemble croup, except that the narrowing is fixed in all 
phases of respiration [3, 8]. The findings we describe differ, 
as the focal narrowing at the level of the cricoid cartilage due 
to its elliptical shape creates an hourglass deformity of the 
subglottic laryngeal airway on the AP radiograph. The hour- 
glass deformity we describe will be seen only if the AP airway 
radiograph is obtained during phonation. If the child is not 
phonating, the vocal cords will not be apposed and the 
radiographic findings will resemble those seen in croup. How- 
ever, careful attention to anatomic landmarks will reveal that 
the area of narrowing in the airway is the transversely nar- 
rowed cricoid cartilage and not the vocal cords (Fig. 3). 

The narrowing of the airway in subglottic stenosis has been 
described as occurring in the trachea. However, the lower 
limit of the larynx is defined as the cricoid cartilage [9]. The 
localized narrowing in our cases defines the level of the cricoid 
cartilage. Therefore, our cases emphasize that the narrowing 
of the airway in subglottic stenosis is in the laryngeal airway 
and not the trachea. 

In conclusion, we report three unique cases of congenital 
subglottic stenosis with an elliptically shaped cricoid cartilage. 
This constriction of the cricoid cartilage from side to side 
creates an hourglass deformity in the AP airway radiograph 
with a localized narrowing az the level of the cricoid cartilage. 
This configuration of the airway in a radiograph of a young 
infant with stridor should suggest the possibility of congenital 
subglottic stenosis with an elliptical cricoid cartilage. 
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on palpation with laryngoscope. C, Laryngoscopic view in another (normal) 
patient with laryngoscope advanced through true vocal cords (comparable level 
to B) shows that nearly round cricoid cartilage cannot be differentiated from 
tracheal cartilage rings below and is distinctly different from elliptically shaped 
cricoid cartilages in the cases we report. 





Fig. 3.—Anteroposterior radiograph of airway in case 1. Radiograph was 
obtained without phonation, and true vocal cords are not apposed. Radiograph 
might be incorrectly interpreted as croup unless level of laryngeal ventricle is 
noted (arrowheads). Unapposed true vocal cords (black arrows) are just below 
ventricle. Narrowed elliptical cricoid cartilage (white arrows) is below vocal 
cords and mimics appearance of true vocal cords, creating appearance similar 
to croup. 
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High-Contrast 
Mammography with a 
Moving Grid: Assessment of 
Clinical Utility 





Mammography techniques using moving grids produce superior breast images in 
many patients but result in increased radiation dose. This prospective controlled study 
of 1000 unselected screen-film mammography patients identifies a subset of women 
who are most likely to benefit from higher-dose grid-assisted techniques. In approxi- 
mately 60% of the patients, the increased contrast of grid films produced a noticeable 
improvement in overall image quality. In only 20% of cases did this translate into 
clinically useful information, however, usually resulting in an increased level of confi- 
dence in interpretation. In virtually all the cases in which grid images aided mammo- 
graphic diagnosis, the patients were women having more than 50% dense fibroglandular 
tissue or compressed breast thickness greater than 6 cm (only 37% of the study 
population). We suggest that the use of grid techniques be restricted to patients with 
such dense or thick breasts, because only in these women can the increase in radiation 
dose be justified. 


Moving grids specially designed for mammography to reduce scattered radiation 
are now supplied with many current-model dedicated mammography units [1-4]. 
While grid-assisted technique clearly yields high-contrast mammograms, it also 
requires the use of faster film, longer exposures, higher kilovoltage, or a combina- 
tion of these to produce properly exposed images [1-6]. This usually results in the 
trade-off of higher radiation dose for increased contrast. Somewhat higher dose is 
justified if improved image quality facilitates mammographic interpretation, but this 
probably does not occur in all patients. Published anecdotal experience suggests 
that there is little if any Clinical utility to grid-assisted imaging among selected 
patients with small, fatty, or easily compressible breasts [1, 2,5, 6]. We designed 
the following prospective controlled study to identify the subset of mammography 
patients who are most likely to benefit from higher-dose moving-grid techniques. 


Subjects and Methods 


The study population was made up of 1000 unselected women undergoing screen-film 
mammography, which we perform for a variety of indications ranging from suspected cancer 
to screening examination. Our standard nongrid imaging protocol uses Kodak Min-R screens 
and Kodak (Rochester, NY) NMB film, loaded into lightproof, vacuum-sealed plastic bags. 
For this study we used an Elscint (Boston, MA) Mam-3 dedicated mammography unit, which 
has a tungsten target, 0.09-mm nominal focal-spot size, beryllium window, and minimal 
aluminum filtration, and which is equipped with an optional moving grid attachment (lead with 
fiber interspacers, 44 lines/cm, grid ratio 8:1, carbon fiber covers). After completion of the 
nongrid examination, we obtained informed consent for a single additional projection of one 
breast using the moving grid. To partially compensate for the increased exposure require- 
ments of grid technique, we used faster Kodak Ortho M film instead of NMB film. Nevertheless, 
on the average, grid images were taken at settings 1 kVp higher and 1 sec longer than 
nongrid images. If appropriate, we chose for grid imaging the breast that was more sympto- 
matic or appeared more abnormal on nongrid mammograms, selecting whichever projection 
was most optimally exposed. All films for each patient were taken with the same X-ray unit 
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TABLE 1: Comparative Evaluation of Image Quality of Matched Pairs of Grid and Nongrid Films 





Total No. Grid Inferior No Difference Grid Superior 
of Patients "NO. (%) No. (%) NO. (%) 
All patients 1000 69 (7) 363 (36) 568 (57) 
Thickness >5 cm 334 16 (5) 111 (33) 207 (62) 
Thickness >6 cm 83 8 (10) 10 (12) 65 (78) 
>50% dense tissue 308 15 (5) 47 (15) 246 (80) 
>75% dense tissue 126 4 (3) 11 (9) 111 (88) 
Thickness >5 cm or >50% dense 
tissue 543 29 (5) 165 (30) 353 (65) 
Thickness >5 cm or >75% dense 
tissue 420 22 (5) 122 (29) 276 (66) 
Thickness >6 cm or >50% dense 
tissue 370 18 (5) 57 (15) 295 (80) 
Thickness >6 cm or >75% dense 
tissue 201 12 (6) 20 (10) 169 (84) 


Note.—Breast thickness measured during vigorous compression; percenta 
of craniocaudal and lateral Projection nongrid mammog 
nongnid mammogram closely parallels the volume estima 


TABLE 2: Comparative Evaluation of Clini 


rams. Percentage of dense tissue (b 
tes used above. 


ge of dense tissue (by volume) estimated from combination 
y area) estimated from a single-projection 


cal Utility of Matched Pairs of Grid and Nongrid 
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Images 
Total No. Grid: Less | No lata a hee 
SSSR TERE ETN a aidai Interpretation Aided 
All patients 1000 359 373 196 
Thickness >5 cm or >50% dense 
tissue 543 121 199 195 
Thickness >5 cm or >75% dense 
tissue 420 63 142 193 
Thickness >6 cm or >50% dense 
tissue 370 53 129 192 


Thickness >6 cm or >75% dense 


tissue 201 12 27 147 


by the same technologist, who developed them all together in the 
Same automatic processor (35°C developer temperature, 24-sec 
immersion time). 

For a subset of 66 randomly selected study patients, thermolumi- 
nescent dosimetry was done for both grid and nongrid exposures 
(Medical Physics Laboratories, University of Wisconsin, Madison, WI). 
Results were expressed as midbreast dose, calculated on the basis 
of measured X-ray beam quality (half-value layer = 0.28 mm Al) and 
4.5-cm average compressed breast thickness. 

The pair of grid and nongrid films of the same breast in the same 
projection were used for clinical evaluation, after the distinguishing 
features on the mammograms (patient identity, film notches, screen 
identification markings) had been removed. All interpretations were 
made under standard viewing conditions, including use of a 2x 
magnifying lens. The two films from each patient were matched for 
comparative evaluation, with grid and nongrid exposures presented 
in random order. Assessments were made of overall image quality 
using the following categories: grid technique inferior, no difference, 
and grid technique superior. Categories for assessment of the clinical 
utility of grid technique were less diagnostic information, no differ- 
ence, more information but interpretation unaided, and more infor- 
mation with interpretation aided. 


Results 


Evaluations of image quality are summarized in Table 1. 
Grid films were judged inferior to nongrid images infrequently, 


almost always when grid lines remained visible. This usually 
occurred when exposures were either very short or very long, 
interfering with the timing of the moving grid apparatus. In 
more than half the cases grid images were rated superior, 
however, primarily because of increased contrast. Further 
analysis of these data by specific patient characteristics indi- 
cated that the greatest percentage of grid-superior cases 
were found among patients whose breasts were very dense 
or difficult to compress. Patients having more than 50% dense 
breast tissue or compressed breast thickness greater than 6 
cm constituted only 37% of the Study population but ac- 
counted for more than half of the grid-superior films. In fully 
80% of these patients the image quality of grid films was 
judged better than corresponding nongrid exposures, 
whereas in the remainder of patients grid films were judged 
superior in only 43% of cases. 

Evaluations of clinical utility are presented in Table 2. Over- 
all, grid images were judged to contain more diagnostic 
information than nongrid films in 57% of cases. In only 20% 
of patients did the added information contribute to improved 
mammographic diagnosis, however, usually in the form of an 
increased level of confidence in interpretation. This occurred 
most commonly when the higher contrast of the grid image 
portrayed an area of normal dense fibroglandular tissue so 
effectively that a more certain benign diagnosis could be 
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made. In fewer than 10% o` cases, the findings displayed on 
grid images actually caused a change in diagnosis, due to 
improved visualization of either clustered calcifications or the 
margins of masses. Further data breakdown showed that the 
frequency of success with grid technique increased directly 
in proportion to breast density and thickness. In virtually all 
the cases in which grid images aided diagnostic interpretation, 
the patients were women with either more than 6 cm com- 
pressed breast thickness o~ greater than 50% dense tissue 
(37% of the study population). In the remaining majority of 
patients, whose breasts were neither thick nor dense, grid 
images were judged to aid in mammographic interpretation 
less than 1% of the time. 

Dosimetry indicated that the midbreast dose for the nongrid 
technique was 0.10 cGy per exposure while that for the grid 
technique was 0.17 cGy (© cGy = 1 rad). Thus, with the 
specific combination of faster film, slightly higher kVp, and 
slightly longer exposure time employed for grid imaging in 
this study, the average dose using the grid was approximately 
70% higher than that of nongrid technique. 


Discussion 


Use of a moving grid noticeably improves mammographic 
image quality in more than half the patients examined. Grid- 
assisted imaging affects ciagnostic interpretation in only 
about 20% of cases, howaver, while imparting increased 
radiation dose to all. One may readily justify the use of a 
higher-dose imaging technique if it frequently provides added 
information that is clinically useful. For grid-assisted mam- 
mography this situation does not apply to the general patient 
population, but to a specificelly defined subset of women with 
thick or dense breasts. Re“erring to Table 2 is particularly 
helpful in this regard, because it indicates that almost the 
entire clinical utility of grid imaging is concentrated in less 
than 40% of all patients potentially examined. As a result of 
these findings, we suggest the following approach to standard 
screen-film mammography: (1) Take an initial exposure using 
nongrid rather than grid technique, unless the technologist 
cannot achieve a compressed breast thickness of 6 cm or 
less. Then, switch to grid technique only if the initial film 
shows more than 50% dense fibroglandular tissue. This im- 
aging protocol limits the use of higher-dose grid exposures 
to those patients who are most likely to benefit from them. 


GRID-ASSISTED MAMMOGRAPHY 
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Words of caution are appropriate concerning these rec- 
ommendations. Strictly speaking, they apply only to the spe- 
cific equipment and grid exposure parameters used in this 
study. However, we believe it likely that the same or very 
similar guidelines are valid to select patients for imaging with 
other moving grid systems as well. There are only minor 
differences in the physical characteristics of the moving grids 
supplied with other dedicated mammography units, and an- 
ecdotal reports suggesting similar findings have come from 
users of several such systems [1, 2, 5, 6]. Our patient- 
selection guidelines may even be correct for techniques using 
ultrahigh-strip-density stationary grids [4, 7], which also seem 
to produce substantial improvements in image quality only for 
women with thick or dense breasts [8]. Indeed, the same 
basic conclusion can be drawn from all studies of grid-assisted 
mammography: Higher-dose grid techniques provide in- 
creased amounts of clinically relevant radiographic informa- 
tion in a limited number of patients and therefore should be 
used only in circumstances where the likelinood for benefit is 
great. 
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Oncologic Imaging. Edited by David Bragg, Philip Rubin, and James Youker. New York: Pergamon Press, 664 


pp., 1985. $95 


Certainly this is the largest book published on radiologic imaging 
in the past few years. The first chapter describes the methodology 
of staging and classifying malignancies. The following chapters ad- 
dress malignancies by specific organ systems. Six of the 27 chapters 
dwell on head and neck sites, all authored by Manusco. The authors 
of each remaining chapter are well-recognized experts in their fields. 
The last four chapters cover pediatric oncology, CT and radiation- 
therapy planning, interventional radiology, and predictions of future 
changes in radiologic technology, respectively. 

A major strength of this book is its adherence to a uniform 
approach for each body system. Every chapter includes statistics 
and incidence of the disease, progressing on to tumor behavior and 
pathology. Classification and Staging systems are heavily emphasized 
with plenty of diagrams and tables. Each chapter includes sections 
on imaging strategies and decisions. Authors compare the accuracy 
of radiologic procedures with those of clinical or surgical modalities 
along with estimates of cost/benefit ratios. Discussions of current 


treatment are presented as they relate to the Staging of each malig- 
nancy. 

This is not a radiologic atlas of tumor pathology. In fact, diagrams 
and text are much more in evidence than radiographs. When radi- 
ographs are used, they are of excellent quality. The authors assume 
the reader either doesn't need to (in the case of Clinicians) or already 
knows how to identify imaging abnormalities. Nor is this a compen- 
dium of bizarre tumors; the reader will need to rely on other reference 
works for such information. 

In summary, this book is a must for any radiologist who attends 
tumor board or has frequent contact with oncologists. It bridges the 
gap that occurs when clinicians try to extract Staging information 
from imaging specialists. 


Linda K. Olson 
UCSD Medical Center 
San Diego, CA 92103 


Pediatric Magnetic Resonance Imaging. Edited by Mervyn D. Cohen. Philadelphia: Saunders, 162 pp., 1986. 


$49.95 


This is a well-written, short overview of MRI in children. There are 
abundant and reasonable-quality illustrations and an up-to-date bib- 
liography. The 14 chapters deal with general principles of MRI, 
including safety and techniques, followed by chapters on the various 
organ systems—respiratory, cardiovascular, and so on. Included in 
these latter chapters are MRI findings in normal subjects and in broad 
disease categories such as tumors and inflammation. The final four 
chapters deal with contrast agents, spectroscopy, advantages and 
disadvantages of MRI, and prospectives. There is a marvelous chap- 
ter titled “Construction and Interpretation of the Magnetic Resonance 
Image” that deals with the principles of MRI as Clearly as any | have 


read. On the other hand, the dicussion of MRI in neuroradiology is 
limited. 

This is not a reference book; other books that have more in-depth 
material on various anatomic areas should follow. At present this 
book is for those individuals without a great deal of experience in 
MRI who desire a concise overview of this technique and its current 
role in the pediatric population. 

William H. McAlister 

Mallinckrodt institute of Radiology 
Washington University School of Medicine 
St. Louis, MO 63110 
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MRI of the Budd-Chiari 
Syndrome 





Five of six patients with angiographically proved Budd-Chiari syndrome (hepatic 
venous outflow obstruction) showed multiple specific MRI abnormalities: striking reduc- 
tion in caliber or complete absence of the hepatic veins, “comma-shaped” intrahepatic 
collateral vessels, and/or marked constriction of the intrahepatic inferior vena cava. The 
sixth patient had angiographically proven sinusoidal hepatic venous obstruction and 
patent central hepatic veins; MRI showed ascites but revealed no specific features of 
the Budd-Chiari syndrome. Patients with end-stage cirrhosis also showed compressed, 
distorted hepatic veins; however, these cirrhotic livers were distinguished by their small 
size, nodular surface, and extrahepatic collateral varices. In patients without cirrhosis 
or the Budd-Chiari syndrome, normal hepatic, portal, and inferior caval veins were 
routinely seen when technically adequate MRI examinations were obtained (94 of 100 
cases). Four of the six patients with Budd-Chiari syndrome had been treated surgically. 
In three, MRI identified patent portocaval shunts. In the fourth, angiographically con- 
firmed shunt stenosis was demonstrated by MRI. 


The diagnosis of Budd-Chiari syndrome (obstruction of hepatic venous outflow) 
is difficult and is often only established at autopsy [1]. Currently, sonography and 
CT are used to screen patients for arteriography, venography, and/or biopsy, which 
are considered definitive [1-3]. Unfortunately, many of these patients are acutely 
ill, have coagulation disorders, and do not survive long enough for these sophisti- 
cated studies. If cases are diagnosed early, effective surgical treatment is possible 
[2]. 

MRI has been useful in demonstrating involvement of major abdominal blood 
vessels by extrinsic neoplastic processes [4]. With recent improvements in abdom- 
inal imaging techniques, MRI routinely delineates normal hepatic veins and the 
intra- and extrahepatic portal venous system [5]. To determine the ability of MRI 
to evaluate intrinsic hepatic vascular abnormalities, we performed a retrospective 
analysis of six patients with proven Budd-Chiari syndrome, five patients with 
cirrhosis, and 100 patients with other liver disease but without evidence of hepatic 
vein obstruction. 


Materials and Methods 


Five patients (aged 27-46 years) had the diagnosis of Budd-Chiari syndrome established 
by liver biopsy showing typical centrilobular vascular congestion and necrosis. The sixth 
patient's biopsy showed hepatocellular carcinoma; the diagnosis of Budd-Chiari syndrome 
was established radiologically. The etiology of Budd-Chiari syndrome was established in four 
of six cases: invasion of the inferior vena cava by hepatocellular carcinoma, obstruction of 
the inferior vena cava and hepatic veins by membranous webs, hepatic venoocclusive disease 
in a patient with polycythemia vera, and obliteration of small postsinusoidal hepatic venules 
secondary to ingestion of pyrrozlidine alkaloids [6]. In two patients with classic angiographic 
findings and histologic documentation of hepatic venoocclusion, no etiology was established. 

Sonography, CT, and venography were performed in all six cases. Four patients had 
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extensive or complete obliteration of the central hepatic veins; one of 
these patients also had a web in the inferior vena cava. A fifth patient 
(with pyrrozlidine alkaloid-induced Budd-Chiari syndrome) had he- 
patic sinusoidal obstruction demonstrated by balloon-occlusion retro- 
grade hepatovenography. In this patient the central hepatic veins 
were normal [6]. None of these five patients had evidence of a 
malignancy. A sixth patient presented with tender hepatomegaly and 
obstruction of the inferior vena cava due to invasion by hepatocellular 
carcinoma. Arteriography was performed in four cases (hepatocellular 
carcinoma, pyrrozlidine alkaloid, and two patients with idiopathic 
Budd-Chiari syndrome). 

MRI examinations were performed 0.1-11 years after the diagno- 
sis of Budd-Chiari was established. Four patients had been surgically 
treated by portocaval shunting. One of these patients had a relapse 
of symptoms, and shunt occlusion was suspected at the time of the 
MRI examination. The fifth patient, without cancer, had declined 
surgical treatment for 5 years despite persistent abdominal pain and 
ascites. The patient with hepatocellular carcinoma responded to 
chemotherapy and did not require palliative shunting. 

Five patients with biopsy-proven cirrhosis and ascites were also 
examined. Although patients with end-stage cirrhosis have hepatic 
venous outflow obstruction that is pathologically and physiologically 
similar to the Budd-Chiari syndrome, this group is distinguished by 
differences in clinical presentation and management [2]. Most authors 
separate vascular disease secondary to cirrhosis from the smaller 
subgroup of primary hepatic venous disease (Budd-Chiari). 

Hepatic MRI examinations of 100 subjects without clinical, labo- 
ratory, or radiologic evidence of the Budd-Chiari syndrome were used 
as control studies to determine the normal range of the appearance 
of hepatic vascular structures. Biopsies were available to confirm the 
diagnosis in 45 of 80 patients with liver disease. Sixty of these 
patients were diagnosed as having adenocarcinoma metastatic to 
the liver, 16 patients had proven hepatic cysts or hemangiomas, and 
four had hepatitis and/or fatty liver. Twenty subjects were normal 
volunteers. 

MRI examinations were performed with a Technicare supercon- 
ducting magnet operated at 0.6 T, described previously [7]. Multisec- 
tion/multiecho technique was used to examine 10 contiguous ana- 
tomic sections. The image matrix of 128 x 256 yielded an inplane 
Spatial resolution of 3.6 mm x 1.8 mm. T1-weighted spin-echo (SE) 
images were obtained using repetition times (TR) of 260-330 msec, 
echo-delay times (TE) of 15-18 msec, and 10-18 data acquisitions. 
T2-weighted SE images were obtained using TR = 2000 msec, TE 
= 30-180 msec, and four data acquisitions. Transverse images were 
obtained in all patients; in selected cases coronal images were 
obtained at the level of the inferior vena caval-right atrial junction. 
Total imaging time ranged from 30 to 60 min. 
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Fig. 1.—Normal liver, SE 260/18 pulse 
sequence (10-min scan time). A, Near 
dome of liver, left, middle, and anterior 
and posterior branches of right hepatic 
vein are seen entering inferior vena cava. 
Motion artifacts are reduced because of 
short-TR/short-TE technique and aver- 
aging of 16 data acquisitions. B, Three 
cm caudal to 1A, peripheral branches of 
hepatic veins are well seen and can be 
distinguished fram similar size portal 
veins, which are oriented perpendicular to 
plane of section at this level. 


Measurements of signal intensity were obtained from images using 
operator-deiined regions of interest [8, 9]. Measurements were ob- 
tained from representative areas of liver, spleen, paraspinous muscle, 
subcutaneous fat, and background noise. Tissue hydrogen density 
and relaxation times (T1 and T2) were calculated from SE image 
intensity data using a standard equation that assumes monoexpo- 
nential behavior of T1 and T2 relaxation [8, 9]. Intensity and relaxation 
time data were compared to evaluate differences between the Budd- 
Chiari patients and the control group with cancer as well as the 
control group without cancer. The significance of differences was 
evaluated at the 95th percentile using the Student t-test [10]. 


Results 
MR Techniques 


Excellent image quality was routinely achieved using the 
T1-weighted SE 260/18 pulse sequence (Fig. 1). Reduction 
of respiratory, cardiac, and peristaltic motion artifacts was a 
unique and powerful advantage of the extensive signal aver- 
aging allowed by the short TR [11, 12]. Use of short TE 
improved the multislice capability of this pulse sequence, 
allowing 10 contiguous slices that included the central hepatic 
veins, intrahepatic inferior vena cava, and the right atrium. A 
single stack of transverse images required only 10 min of 
imaging time and completely defined the vascular anatomy 
relevant to the diagnosis of Budd-Chiari syndrome. 

T2-weighted SE images obtained using long TR allowed 
fewer data acquisitions per unit time, resulting in greater 
image-noise levels, increased susceptibility to motion arti- 
facts, and requirement of longer imaging times [11]. These 
images provided no additional morphologic information and 
were used solely for purposes of tissue characterization (T1 
and T2 calculations). 


Normal Vascular Anatomy 


Normal hepatic veins were seen in the cephalad half of the 
quadrate and right hepatic lobes in normal volunteers and in 
control subjects with liver disease (Fig. 1). Three or more 
hepatic veins (left, middle, right) were routinely visualized on 
serial sections and were seen entering directly into the intra- 
hepatic vena cava (Fig. 1A). Portal veins were also superbly 
delineated and were easily distinguished from hepatic veins 
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Fig. 2.—Budd-Chiari syndrome secondary to poly- 
cythemia vera. A, SE 260/18 image shows absence of 
hepatic veins in dome of liver. Inferior vena cava is 
widely patent at level of its junctior with right atrium. 
B, Three cm caudal to 2A, absence Df hepatic veins as 
well as portal veins is confirmed. At this level inferior 
vena Cava (arrow) has a slitlike configuration. C, SE 
2000/30 four-acquistion (7 8-min) image confirms ab- 
sence of hepatic veins and shows persistence of inferior 
vena caval narrowing. Note splenomegaly and ascites. 
D, SE 260/18 image at 4 cm caudal to 2B and 2C 
shows patency of main portal vein (P) and medial and 
lateral segment branches of left portal vein (arrow- 
heads). E, CT scan shows ascites, splenomegaly, and 
inhomogeneities within liver. These findings do not allow 
specific diagnosis of hepatic vein occlusion. F, Coronal 
MR image shows narrowing of intrahepatic vena cava 
(arrow). G, Corresponding venogran; narrowing of in- 
trahepatic vena cava (arrow). 


in the cephalic portion of the liver; portal veins bisected the 
parenchymal segments defined by the hepatic veins [5], were 
oriented nearly perpendicular to the hepatic veins, and were 
enlarged in a caudal direction until they merged with the main 
portal vein (Fig. 1B). The normal extrahepatic splenic—portal 
confluence was routimely visualized anterior to the extrahe- 
patic inferior vena cava. Although the configuration and num- 
ber of hepatic and portal veins varied, they were visualized in 
all 94 control subjects who had technically adequate MRI 
examinations. In six patients, image quality was degraded by 
movement of the patient during the examination, respiratory 
“ghost” artifacts, or machine problems that resulted in de- 
creased signal-to-noise levels. In 88 of 100 control subjects, 
the T1-weighted images provided equal or better anatomic 
delineation than the T2-weighted pulse sequence technique. 
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Budd-Chiari Syndrome 


T1-weighted MRI examinations showed morphologic ab- 
normalities in five patients, with obstruction at the level of the 
central hepatic veins, inferior vena cava, or right atrium. In the 
patient with polycythemia vera (Fig. 2), the patient with mem- 
branous webs (Fig. 3), and in the two patients with idiopatnic 
Budd-Chiari syndrome (Fig. 4), complete absence of two or 
more central hepatic veins and/or dramatic reduction in caliber 
of the remaining hepatic vein(s) was demonstrated. Three 
patients showed decreased caliber of the intrahepatic portal 
vein branches and increased signal intensity from these ves- 
sels (Fig. 2). Another patient had hepatocellular carcinoma 
visualized as a large mass in the right hepatic lobe invading 
the right hepatic vein (Fig. 5). 
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The inferior vena cava was abnormal in four of six cases; 
two patients showed slitlike narrowing of the intrahepatic 
vena Cava (Fig. 2), a web partially obstructed the inferior vena 
cava (Fig. 3), and a hepatocellular carcinoma extended from 
the right hepatic vein into the right atrium via the inferior vena 
cava (Fig. 5). 

One patient had diffuse postsinusoidal venoocclusion sec- 
ondary to pyrrozlidine ingestion and showed normal intra- and 
extrahepatic vascular anatomy by MRI. The diagnosis of 
Budd-Chiari syndrome was established by biopsy and 
wedged hepatic venography [6]; the central hepatic veins and 
inferior vena cava were normal. 

Ascites is a nonspecific finding common to all patients with 
symptoms attributable to the Budd-Chiari syndrome. Four of 
six patients in this series had ascites. Two patients were 
asymptomatic because of successful surgical palliation by a 
portocaval shunt and had no ascites at the time of the MRI 
examinations (Fig. 4). Two patients with shunts that were 
stenosed or otherwise less effective had persistent symptoms 
and/or ascites (Fig. 6). Collateral circulation was seen only in 
the two untreated patients. The patient with acute caval 
obstruction by tumor showed moderate enlargement of the 
azygous vein. The patient with chronic, untreated hepatic 
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Fig. 3.—Chronic, untreated Budd-Chiari syndrome secondary to membra- 
nous venous webs. A, SE 260/18 image near inferior vena caval-right atrial 
junction shows a vascular web (arrow) separating two channels of flowing 
blood. Note ascites (a) and right pleural effusion (p). B, Three cm caudal to 3A, 
inferior vena cava has slitlike configuration and hepatic veins are absent. Liver 
is shrunken and irregular because of cirrhosis secondary to this patient's 
longstanding, untreated venous obstruction. Note prominent intrahepatic col- 
lateral venous drainage (arrow). C, Farther caudal, a patent portal vein (P) is 
seen. A large peripheral collateral vein, “comma shaped,” is seen in the left 
hepatic lobe (arrow). 


venous obstruction secondary to caval webs showed exten- 
sive intrahepatic collateral vessels with a “comma shape” (Fig. 
3C). When demonstrated by sonography, this finding is con- 
sidered specific for the diagnosis of Budd-Chiari syndrome 
[1, 13]. 


Hepatic Cirrhosis 


To determine whether MR could distinguish patients with 
venoocclusive pathophysiology secondary to hepatic cirrhosis 
from patients with primary venoocclusive disease (Budd- 
Chiari syndrome), five patients with cirrhosis, ascites, and 
portal hypertension were studied. Four severely cirrhotic livers 
were shrunken, had an irregular surface, and distorted intra- 
hepatic vasculature (Figs. 7 and 8). One patient with only 
moderate cirrhosis had a normal hepatic configuration and 
normal intrahepatic veins by MRI. All five patients with cirrho- 
sis had extrahepatic collateral varices (Figs. 7B and 7C) 
demonstrated by MRI [14]. The cirrhotic patients did not have 
intrahepatic collateral veins and were thereby distinguished 
from one patient with chronic, untreated venoocclusion 
(Budd-Chiari syndrome) and progressive hepatic failure 
(Fig. 3). 
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Fig. 4.—Idiopathic Budd-Chiari syndrome diagnosed and treated by porto- 
caval shunting 3 years before MR examination. Patient is asymptomatic. A, SE 
260/18 image through dome of right hepatic lobe shows absent hepatic veins, 
normal portal veins (arrowheads), and widely patent intrahepatic inferior vena 
cava. B, Contrast-enhanced CT scan obtained before surgery shows diffusely 
abnormal hepatic parenchyma and ascites but no features diagnostic of Budd- 
Chiari syndrome. C, Venogram is diagnostic of hepatic vein occlusion (arrow). 





Tissue Characterization 


Quantitative tissue characterization was performed using 
conventional techniques to measure image signal intensity to 
calculate tissue hydrogen density and T1 and T2 relaxation 
times. Patients with the Budd-Chiari syndrome showed no 
significant differences from the control subjects. The one 
patient with Budd-Chiari syndrome secondary to hepatocel- 
lular carcinoma did show a tumor mass with increased T1 
and T2 relaxation times, consistent with prior reports [8, 9]. 


Treatment 


Four patients with benign venoocclusive disease were 
cured or successfully palliated by portocaval shunting. MRI 
demonstrated patency (a low-signal “flow void” [4]) of side- 
to-side portocaval shunts in three patients and showed de- 
creased shunt caliber [15] in one of two patients with recur- 
rent ascites (Fig. 6). Venography confirmed the diagnosis of 
shunt stenosis by demonstrating a 5-mm shunt orifice that 


could not be traversed by a guidewire. The MRI demonstra- 
tion of patent portal veins was important information in follow- 
up evaluations of the Budd-Chiari patients and in planning 
surgical intervention (Figs. 7B and 7D). 


Discussion 


The Budd-Chiari syndrome includes a variety of pathologic 
processes that cause obstruction of venous outflow from the 
sinusoidal bed of the liver, resulting in portal hypertension, 
ascites, and progressive hepatic failure. Although patients 
with macronodular cirrhosis show similar pathologic and 
hemodynamic features, patients with extensive hepatic pa- 
renchymal injury are usually excluded from the classification 
of Budd-Chiari syndrome. Nevertheless, in a clinical setting, 
patients with acute hepatic failure secondary to primary ve- 
noocclusion must be separated from patients with cirrhosis 
as the primary pathologic process. 

This small series suggests that MRI shows distinctive mor- 
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Fig. 5.—Obstruction of inferior vena cava and hepatic 
venous outflow by hepatocellular carcinoma. A, Contrast- 
enhanced CT scan shows mass (arrow) in right atrium. 
B, SE 260/18 MR image confirms mass and shows 
serpiginous-tumor neovascularity within it (arrow). C, Two 
cm Caudal to SA and 5B, tumor is seen within intrahepatic 
inferior vena cava. D, E, Coronal images show tumor 
extending through right hepatic vein (arrows), into inferior 
vena Cava and right atrium. F, Contrast-enhanced CT 
scan shows primary tumor in right hepatic lobe (arrow). 
G, SE 2000/30 MR image (T2 weighted) shows tumor as 
area of increased signal intensity (arrow). H, IR 1500/ 
280/18 (TR/TI/TE) image (T1 weighted) shows much 
larger extent of disease (arrow) than expected on the 
basis of the CT or T2-weighted MR images. Bright signal 
intensity within inferior vena cava and portal vein is due 
to caudal level of this section and represents inflow of 
venous blood with unperturbed spins from below stack 
of imaged sections. Coronal images (D, E) confirm pa- 
tency of inferior vena cava at this level—tumor thrombus 
has same signal intensity as primary lesion. 





Fig. 6.—Treated Budd-Chiari patients. A, Widely patent side-to-side porto- with a smaller but patent side-to-side portocaval shunt (arrow). C, A third 
caval shunt is demonstrated (arrow). Although anatomic patency and blood patient shows scar tissue (arrowheads) of intermediate signal intensity sur- 
flow are proven by low-signal-intensity “flow void,” the velocity and direction of rounding a small but patent shunt orifice (arrow). Portal vein side of this shunt 


flow cannot be established by conventional MR techniques. B, Another patient anastomosis was seen on higher section. 
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Fig. 7.—Macronodular cirrhosis with 
regenerating nodules and secondary he- 
patic venoocclusion, proven at autoosy. 
A, SE 260/18 image at dome of liver 
shows small tortuous hepatic veins (ar- 
rows) and slitlike intrahepatic inferior vena 
cava. Ascites (a) and regenerating nod- 
ules (arrowheads) are also present. Note 
irregular surface of shrunken right hepatic 
lobe. B, MR image at level of spłnic 
portal confluence shows patency of 
splenic vein (straight arrow) and promi- 
nent serpigineus perigastric collateral var- 
icosities (cupved arrow). C, Cornal 
oblique image better delineates extensive 
perigastric amd collateral varicose v2ins 
(curved arrow). D, To establish patient's 
eligibility for liver transplantation, patency 
of central portal vein must be determ ned 
for anastomasis to donor liver. Cornal 
oblique MR image shows recipient's 
shrunken liver (L) and a small but patent 
central portalvein (arrowheads). The pa- 
tient died before transplantation and pa- 
tency of portal vein was confirmed at 
autopsy. 





phologic features that may facilitate diagnosis and manage- 
ment of these patients. Five patients with acute or treated 
Budd-Chiari syndrome had abnormal hepatic veins without 
nodularity of the hepatic parenchyma, no reduction in size of 
the liver, and no extrahepatic varices. Chronic, untreated 
Budd-Chiari syndrome leads to parenchymal injury and 
changes indistinguishable from cirrhosis. However, the one 
such patient in our series had “comma-shaped” intrahepatic 
varices characteristic of the Budd-Chiari syndrome [1, 13] 
and a web in the inferior vena cava seen by MRI (Fig. 3). 
Therefore, MRI may be useful for excluding the Budd-Chiari 
syndrome in patients with end-stage liver disease. 

Patients with the Budd-Chiari syndrome usually present 








Fig. 8.—Another patient with end-stage cirrhosis also dem- R a) 
onstrates attenuation and distortion cf intrahepatic vessels. In with acute clinical symptoms and have an enlarged liver 


this patient, however, patency of hepatic veins (arrow) and without the nodular changes of cirrhosis. Sonography can be 


portal veins (arrowhead) is established, excluding primary ve- : i ; ; 
noocclusive disease as cause for cirrhosis. Note enlarged cau- used to detect hepatic vein occlusion, but webs are difficult 


date lobe and patent intrahepatic inferior vena cava. to visualize and the inferior vena cava is not reliably evaluated 
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[13]. As the anatomy of the inferior vena cava and right atrium 
is Critical in treatment planning, cavography is required to 
complement sonography [13]. MRI alone appears to offer a 
complete noninvasive evaluation of the relevant intra- and 
extrahepatic vascular anatomy. 

In many cases the nature of the basic disease may preclude 
successful therapy; however, in a recent series, surgical 
intervention provided a cure or effective palliation in 10 of 17 
patients [2]. Sophisticated preoperative imaging studies are 
necessary to select appropriate medical and/or surgical ther- 
apy. In the past a battery of imaging studies was used to 
obtain complementary information regarding the extent of 
hepatic parenchymal and vascular pathology. Preoperative 
Studies are relied on to plan curative or palliative tumor 
resection, resection or fracture of membranous webs, and 
Selection of the appropriate shunting procedure. For example, 
in patients with obstruction of the inferior vena cava due to 
hypertrophy of the caudate lobe, a portocaval shunt is inap- 
propriate; more complex shunting of the portal venous system 
into the right atrium or left inferior pulmonic vein is necessary 
in these cases [2]. Finally, in many patients with tumors 
causing the Budd-Chiari syndrome, extensive surgery is con- 
traindicated and palliative treatment of ascites via a peritoneal- 
atrial shunt is indicated. 

Tumors (liver, kidney, and adrenal tumors, and sarcomas 
of the inferior vena cava or right atrium) are the most com- 
monly identified cause of the Budd-Chiari syndrome, followed 
by intrinsic venoocclusive disease due to congenital webs, 
polycythemia vera, paroxysmal nocturnal hemoglobinuria, oral 
contraceptives, or the postpartum state [1]. The six patients 
with Budd-Chiari syndrome included in our study reflect the 
diversity of this syndrome in terms of the anatomic location 
of the obstruction and the underlying cause of the occlusive 
process. Our study group was biased by patient selection to 
include only one patient with acute, untreated Budd-Chiari 
syndrome (due to hepatocellular carcinoma). Five of our pa- 
tients had chronic venoocclusive disease, and four of these 
had previously been treated surgically. The sensitivity of MRI 
may be reduced in patients with acute or partial hepatic 
venous obstruction. 

Our inability to detect significant differences in MR tissue 
characteristics may be attributable to our selection of a 
treated patient group. Acute Budd-Chiari syndrome is char- 
acterized by rapid development of hepatomegaly Causing 
upper abdominal pain. Histologically, vascular congestion and 
centrilobular necrosis are seen. Hepatic water content would 
be expected to increase in acute Budd-Chiari syndrome. As 
tissue-water content is thought to influence MR tissue char- 
acteristics in both neoplastic and inflammatory liver diseases, 
patients with acute Budd-Chiari syndrome might show dif- 
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fusely increased hepatic parenchymal T1 and T2 relaxation 
times [14, 16]. Although further experience will be necessary 
to determine the value of tissue characterization by MRI, our 
experience indicates that MRI has unique advantages for 
anatomic evaluation of hepatic vessels. 
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Atypical Radiographic 
Findings in Hepatic 
Cavernous Hemangioma: 
Correlation with Histologic Features 





Three cases of cavernous hemangioma of the liver having atypical imaging features 
are described. In the first case, an 11 x 10 cm hypervascular mass with a central 
hypovascular area supplied by many large tortuous vessels was demonstrated on 
angiography, CT, and sonography. The mass had a central cavity that contained fluid. 
In the second case there was a 2-cm isoechoic mass with a peripheral halo, despite the 
presence of typical features of hemangioma on angiography. The halo was shown 
histologically to be fibrous tissue surrounding the tumor. In the third case, a 6.5 x 4.3 
cm mass exhibited slight peripheral enhancement on CT but was not detectable by 
angiography. Histologically, the tumor was hyalinized with only scattered small foci of 
hemangioma within it. 


For the past two decades, angiography has been important in the diagnosis of 
hemangioma of the liver [1, 2]. However, since the development of CT [3-5] and 
sonography [6-9], angiography has become less important. We recently saw three 
cases of pathologically proven hepatic cavernous hemangiomas in which the 
radiologic diagnosis was difficult. These cases prompted us to question the 
reliability of the reported imaging characteristics of these lesions. In each instance, 
the histologic features of the hemangiomas correlated with the imaging findings. 


Case Report 
Case 1 


A 66-year-old woman was referred because of a liver tumor. On admission, liver function 
tests were normal and anti-HBs was positive. Sonography revealed an 11-cm, oval-shaped 
echogenic mass with a central echolucent area (Fig. 1A). 

On dynamic CT, the peripheral region was enhanced remarkably well while the central 
zone remained unchanged (Figs. 1B and 1C). Subsequent angiography demonstrated a large 
hypervascular tumor supplied by markedly dilated left and right hepatic arteries (Fig. 1D). The 
“cotton-wool” appearance suggestive of cavernous hemangioma was not seen by angiogra- 
phy. 

An extended left hepatectomy was performed, revealing a tumor with a central cavity 
containing a transparent serous fluid (Fig. 1E). Microangiography of the resected specimen 
disclosed numerous irregular vessels without features of hemangioma (Fig. 1F); however, the 
histopathologic diagnosis was cavernous hemangioma (Fig. 1G). 


Case 2 


A 30-year-old alcoholic man was referred for surgery with a diagnosis of hepatocellular 
carcinoma made by sonography. On admission, repeat sonography disclosed a round 
isoechoic mass with a peripheral thick halo in the right hepatic lobe (Fig. 2A). Subsequently, 
a dynamic CT examination demonstrated a well-enhanced solid tumor that became less 
dense in the late phase of the study, suggesting a diagnosis of hepatocellular carcinoma (Fig. 
2B). Finally, angiography showed typical features of cavernous hemangioma (Fig. 2C). 
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Because of the remarkable discrepancy among these imaging find- 
ings, surgical resection was performed. Pathologic examination 
showed a typical hemangioma with a thin capsule composed of 
fibrous tissue (Figs. 2D and 2E). 


Case 3 


A 62-year-old woman presented with gross hematuria and masses 
in the right kidney and liver. Sonography disclosed a renal tumor but 
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Fig. 1.—Case 1. A, Transverse senogram shows echo- 
genic mass with central echo-free region and posterior echo 
enhancement. U = umbilical portion ofiportal vein; RA = right 
anterior portal vein; RP = right posterior portal vein. B, 
Precontrast CT scan shows a low-density mass (~14 x 12 
cm) in left medial region with a central lower density area. C, 
Early phase of dynamic CT scan at same level as in B, 27.5 
sec after start of injection of 100 ml of 60% Angiografin at 3 
ml/sec. A large mass was enhanced, producing remarkable 
contrast to central, nonenhanced area. Prolonged enhance- 
ment of tumor was seen even at five min. Another small mass 
not detected on plain CT was enhanced (arrow). D, In arterial 
phase, left hepatic angiogram shows many enlarged and 
tortuous arteries supplying left half and central portion of 
mass. Right hepatic artery arose from superior mesenteric 
artery. In the sinusoidal phase, a round staining with central 
hypervascular area was delineated. E, Photograph of the cut 
gross specimen shows soft tumor (which was yellow white) 
with large central cavity containing transparent serous fluid. 
F, Microangiogram of resected specimen shows networks of 
fine vessels, resembling a renal glomerulus. There is no 
encasement of the vessels. G, Histologic section shows 
typical cavernous hemangioma. Blood spaces of hemangioma 
(right) gradually become smaller and disappear turning to 
fibrous tissue (left), which faces cavity containing fluid. H and 
E x120. 


failed to detect a lesion in the liver. CT scan, however, demonstrated 
a 5-cm mass in the right posterior inferior portion of the liver and a 
separate renal mass (Figs. 3A-3D). Hepatic angiography was normal, 
although a right renal angiogram clearly demonstrated a hypervas- 
cular tumor compatible with renal cell carcinoma 

Right nephrectomy and partial resection of the posterior-inferior 
area of the liver were carried out (Fig. 3E). There was no invasion of 
the renal mass onto the liver. Pathologic diagnosis was cavernous 
hemangioma (Fig. 3G) of the liver and renal cell carcinoma. 
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Fig. 2.—Case 2. A, Right intercostal sonogram demonstrates 1.5-cm iso- 
echoic mass with peripheral echolucent ring (arrows), which strongly suggest 
hepatocellular carcinoma. B, Enhanced CT scan 30 sec after start of bolus 
injection of 100 mi of 60% Angiografin shows good enhancement of mass, 
which, in the late phase, changes to >e a slightly low density mass. C, Sinusoidal 
phase of an angiogram shows ring-shaped stain with unopacified center. D, 


Discussion 


Cavernous hemangioma is the most common benign tumor 
of the liver [9], and frequently it is incidentally detected by 
sonography and CT in asymptomatic patients. The ability to 
distinguish hemangioma from other hepatic neoplasms is 
important. CT [3-5] and sonography [6-9] usually permit a 
definite diagnosis of hemangioma without resorting to angiog- 
raphy. However, our three cases demonstrate that heman- 
giomas can have atypical radiographic features that make it 
difficult to differentiate therr from other hepatic tumors. 

The usual sonographic features of cavernous hemangioma 
are those of a hyperechoic, sharply marginated [7-9] mass 
having a homogenous internal pattern. Occasionally the mass 
is hypoechoic or has strong marginal echoes [9]. The finding 
of a peripheral hypoechoic ring surrounding a hemangioma 
(case 2) (Fig. 2A) is rare [9], but it is seen in approximately 
50% of all hepatocellular carcinomas in Japan [10]. In the 
resected specimen, the hemangioma had a thin pseudocap- 
sule made up of fibrous tissue, which explains the hypoechoic 
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Photograph of section of liver shows a hemangioma that was dark red in 
periphery and whitish-yellow in center. Mass is surrounded by thin fibrous 
pseudocapsule. E, Histologic section reveals fibrous tissue (arrows), which 
caused echolucent ring seen on sonography. The cavernous hemangioma 
consists of large blood spaces (left). There is micronodular cirrhosis of the 
hepatic parenchyma (right). 


ring seen on sonography. This unusual development of a 
pseudocapsule by hemangioma may be related to the cirrhotic 
changes in the adjacent liver parenchyma, similar to the 
mechanism whereby a pseudocapsule forms in an hepato- 
cellular carcinoma, which is associated with cirrhosis (approx- 
imately 80% of patients) [11]. The sonographic demonstration 
of a cavernous hemangioma with a central cavity that contains 
fluid (case 1) must be exceedingly rare. Our survey of the 
literature failed to find a similar report. 

The CT findings of cavernous hemangioma are usually 
characteristic and specific. They consist of early peripheral 
enhancement of the lesion, delayed central opacification, and 
persistence of the contrast enhancement [3-5]. While two of 
our cases showed immediate enhancement of the tumor in 
the early phase, none had delayed central opacification 

The following were given by Johnson et al. [5] as reasons 
for nonenhancement of hemangioma: slow flow in the central 
sinusoids, central fibrosis, central thrombosis, and hemor- 
rhage. The lack of enhancement in our hemangiomas was 
perhaps due to fluid in a central cavity in case 1, to central 
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Fig. 3.—Case 3. Dynamic CT scan demonstrates that periphery of low- 
density mass (A) is enhanced along with some enhancement of interior (B, C, 
D). D is taken about 8 min after the initial injection of contrast material. Arrows 
indicate upper pole of right kidney. E, Photograph of cut surface of resected 
Specimen shows a soft, white, elastic tumor, which is easily compressed by 


fibrosis in case 2, and to fibrous and hyalinized tissue that 
occupied most of the tumor in case 3. Central hypovascularity 
with peripheral ring-shaped staining [2] on angiograms, as 
seen in case 2, has been explained by central fibrosis. How- 
ever, in small hemangiomas with central fibrosis (case 2), the 
entire tumor may appear to be enhanced on CT because of 
the partial volume phenomenon (Fig. 2B). The vascular spaces 
in hemangioma tissue were wider and better developed in 
cases 1 and 2, and the stroma was wider in case 3. These 
tissue characteristics seem to reflect the findings of both 
angiography and CT. 

Compared with characteristic angiographic features (such 
as cotton-wool appearance and/or ring- or C-shaped opacifi- 
cation [2]), dilated and tortuous feeding arteries, as seen in 
case 1, are generally rare in hepatic hemangiomas. Despite 
dilated feeding vessels, tumor vessels and/or vascular en- 
casement were not recognized on conventional angiograms 
or on microangiograms. The central fluid collection appeared 
to develop as a result of hemorrhage into the center of the 
tumor, which is not uncommon in hemangiomas [5] and from 
which central fibrosis likely occurs. 

Although the majority of hepatic hemangiomas can be 
accurately diagnosed by CT [3-5], surgery is necessary to 
determine if the mass is malignant in some cases. The danger 
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metallic bar (right). F, Histologic section reveals tumor to be composed mostly 
of fibrous and hyalinized tissues (left). Scanty hemangioma tissue is scattered 
within the tumor. Note that stroma of hemangioma is wide and blood spaces 
are narrow. H and E x120. 


of percutaneous needle biopsy is well documented (12, 13] 
and should be avoided when hemangioma is a possible 
diagnosis. 
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Memorial 





John Hodson, 1915- 





Dr. John Hodson, Professor Emeritus of 
Diagnostic Radiology at the Yale University 
School of Medicine, died on December 2, 
1985 at the age of 69. He had served as 
Professor of Diagnostic Radiology and Chief 
of Uroradiology at Yale from 1975 until his 
retirement in 1984. 

Dr. Hodson was born in London on De- 
cember 20, 1915. He studied at Eastbourne 
College and St. Mary's Hospital, London, 
England, receiving his medical degree in 
1939 from London University. During World 
War II, he served with the Royal Army Medi- 
cal Corps in North Africa and Italy as a spe- 
Cialist in radiology. He had the distinction of 
being mentioned in dispatches in 1944 for his 
efforts. After training in radiology at St. 
Mary's Hospital and receiving the Cambridge 
Diploma in Diagnostic Radiology and Elec- 


1985 


trology, which represented the senior radiol- 
ogy certification in the United Kingdom, he 
began his outstanding career in radiology at 
Queen Elizabeth's Hospital for Children. He 
had subsequent appointments at the London 
Chest Hospital and at University College Hos- 
pital, serving as director of the latter institu- 
tion from 1961 to 1970. 

By the time that he had reached his mid 
40's, Dr. Hodson had achieved an interna- 
tional reputation in chest radiology. At this 
point in his career, he became interested in 
the number of unanswered problems regard- 
ing radiology of the urinary tract. In the 
course of his research, which occupied the 
rest of his life including his so-called “retire- 
ment’, he made observations that led to a 
clear definition of the meaning of radiologic 
patterns as identified on urography and renal 
angiography. However, he went further than 
this, performing research projects and clinical 
work that influenced pediatrics. medicine, 
and pathology, as well as radiology, and 
eventually totally altered the way many com- 
mon, highly destructive kidney diseases were 
to be diagnosed and treated. In particular, he 
defined the relationship between vesicoure- 
teral reflux and scarring, changing the previ- 
ously held concepts regarding chronic 
atrophic pyelonephritis (reflux nephropathy). 

Dr. Hodson was a member of all major 
radiologic societies in the United States and 
the United Kingdom. He was also a fellow of 
the Royal College of Physicians and the 
Royal College of Radiology, and while in Eng- 
land had served as secretary and vice presi- 
dent of the Faculty of Radiologists. He was 
a member of the International Society of Ne- 
phrology, the Action Committee on Vesicou- 
reteral Reflux of the American Academy of 
Pediatrics, and the Thoracic Society. But the 
group that perhaps meant the most to him 
was the Society of Uroradiology, an organi- 
Zation of which he was a founding member. 


This organization, comprising physicians 
from around the world concerned with renal 
imaging and its implications, looked to him 
for advice and as a role model as to what an 
academic uroradiologist should be. 

Dr. Hodson received numerous honors. 
Among them, he was James Nickel Fellow at 
London University, Neuhauser Lecturer of 
the Society for Pediatric Radiology, a Fellow 
of Davenport College at Yale University, and 
was awarded an Honorary Masters Degree 
from Yale University. He lectured around the 
world on diseases of the kidney. An annual 
lectureship in his name has been established 
by the Department of Diagnostic Radiology 
at Yale University. 

Dr. Hodson was a witty companion as well 
as an outstanding teacher who befriended 
generations of residents, fellows, and stu- 
dents. The lesson he taught them more than 
any other and the one that guided him 
throughout his life was, in his own words, to 
look at the “blood behind the silver”. By this 
he meant that we should not just be con- 
cerned with the images on the film but with 
the patient represented by those images. It 
was this concern on his part that led him to 
his research, to search for the meaning be- 
hind the renal images he was seeing, and to 
deal with diseases that were not understood 
and not being diagnosed or treated correctly. 

Dr. Hodson loved the outdoors and listed 
his hobbies as “mountains, Sailing, garden- 
ing, watercolor painting, and kidneys”. He 
Spent many hours at these activities with 
friends and colleagues. 

He is survived by his son, lan, of whom he 
was justifiably proud. He will also be missed 
by colleagues, friends, and students who 
profited from his companionship, aid and ad- 
vice. 
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Staging Rectal Cancer by 
MR and CT 





Sixteen patients with known rectal cancer were evaluated and staged with CT and 
MR, and at surgery. Detailed evaluation of the pathologic specimens was performed 
and correlated with CT and MR to determine the accuracy of staging. Most of the cases 
were advanced stages, and both CT and MR were equally effective in staging. Prone 
positioning using an air-distension technique was equally important for CT and MR 
examinations. Because of a positive contrast material (iodine), adequate CT examina- 
tions could be performed without prior bowel preparation; however, bowel cleansing 
was necessary for MR examinations. Both techniques could identify the primary tumor 
and invasion into perirectal fat and local organs. Neither CT nor MR were able to assess 
the extent of bowel-wall infiltration or tumor spread to normal size perirectal lymph 
nodes. 


CT offered a new dimension in staging rectal carcinoma because of its ability to 
evaluate extension of tumor into the perirectal fat, adjacent organs, and lymph 
nodes [1]. Unfortunately, CT has not been reliable for detection of bowel-wall 
invasion or metastatic involvement of normal size pelvic and perirectal lymph 
nodes—the two most important features of pathologic tumor staging [2-6]. In 
large series, CT has been shown to be only 60%-70% accurate [2-4] and generally 
not recommended for routine staging. 

Evaluation of the pelvis by MR has been effective mainly because of the absence 
of motion as well as the superb tissue contrast and multiplanar capabilities of MR 
[7, 8]. These advantages would also be expected to allow improved imaging of the 
normal and abnormal rectum. We have developed MR techniques for examining 
the rectum and have compared the accuracy of CT and MR in staging rectal 
carcinoma. 


Materials and Methods 


Sixteen cases with biopsy-proven rectal carcinoma were evalauted with both MR and CT 
before surgery. MR and CT examinations were initially analyzed independently to determine 
the location of the intraluminal tumor, mural involvement, extension beyond the bowel wall 
into the perirectal fat or adjacent organs, pelvic side-wall extension, and lymphadenopathy. 
Minimal soft-tissue densities stranding in the perirectal fat were considered benigm unless 
they extended directly from the adjacent tumor. In this series these changes were infrequently 
seen. Most commonly, these changes were extensive and indicated significant disease 
extension. The staging was based on the CT staging methods proposed by Thoeni amd Moss 
[1] (Table 1). Eleven patients had surgery within 6 days of the MR and CT examinations. Five 
patients had a course of radiotherapy before resection, which occurred 61-84 days after the 
MR and CT studies. Detailed evaluations of the pathologic specimens were performed and 
correlated with CT and MR to determine the accuracy of staging. Each specimen was grossly 
evaluated to determine the presence of lymph nodes noted by the preoperative imaging. 
These lymph nodes were individually evaluated by histologic examination to determine the 
presence of tumor. Specific sections were taken through the tumor at 4 to 6 areas to 
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TABLE 1: Staging of Primary Rectal and Rectosigmoid Tumors 
by CT 


Stage CT Characteristics 





| Intraluminal polypoid mass without thickening of 
the bowel wall 

II Thickening of the bowel wall (>0.5 cm) without 
invasion of surrounding tissue 


IIIA Invasion of surrounding tissue, muscles, or or- 
gans but no extension to the pelvic side walls 

IIB Extension to the pelvic side walls 

IV Pelvic tumor and distant metastases 


Note.—Descriptions based on Thoeni et al. [1]. 


correspond exactly with abnormal areas noted on the preoperative 
Studies. After the surgical and pathologic data were known, both the 
CT and MR were reevaluated. 

The CT examinations were performed using either a Technicare 
2060 or an EMI 7070 scanner. Contiguous 10-mm slices were used, 
and the scan time was 2 or 3 sec. CT scans were performed after 
insertion of a vaginal tampon and administration of oral and rectal 
contrast material when needed. Six patients were examined supine, 
and 10 patients were evaluated prone with the air-distension tech- 
nique [9-10]. The examination of the pelvis required less than 30 
min. 

MR examinations were performed on a Technicare 0.6-T super- 
conducting magnet that has been described in detail previously [11]. 
T1-weighted spin-echo (SE) images were obtained with repetition 
times (TR) of 500 msec and echo delays (TE) of 30 msec (SE 500/ 
30) on all patients. An image matrix of 256 x 256 yielded an in-plane 
resolution of 1.8 x 1.8 mm. Averaging four data acquisitions resulted 
in a 9-min scan time. Multislice technique was used to obtain 10 
contiguous 10-mm-thick slices of the pelvis in both the transverse 
and sagittal planes. Additional coronal SE 500/30 images were ob- 
tained in another four patients. 

T2-weighted images were obtained using a SE multiecho technique 
(TR = 2000 msec, TE = 30 and 60 msec) in four cases. Slice 
thickness was increased to 1.5 cm and the image matrix was reduced 
to 128 x 256 for these images. Averaging four data acquisitions 
resulted in a scan time of 18 min. The entire MR examination required 
45 min. 

Three patients were imaged in a supine position only, four were 
imaged both supine and prone, and nine were imaged prone only. 
Ten patients were imaged after routine preoperative bowel prepara- 
tions. Eleven patients were imaged in a prone position with an air- 
distension technique in which 100-200 cm? of air was introduced into 
the rectum through an 8- to 10-French red rubber catheter before 
the examination. Small amounts of air were added via this in-dwelling 
catheter before each imaging sequence to ensure proper rectal 
distension. Glucagon was not used. Vaginal tampons were inserted 
in female patients. The urinary bladder was maintained as full as 
possible during the examination. 


Results 
Patient Preparation/Positioning 


The routine use of rectal contrast material and air insuffla- 
tion for CT evaluation of rectal tumors allowed delineation of 
the primary rectal cancer in all 16 cases without bowel clean- 


BUTCH ET AL. 


AJR:146, June 1986 





Fig. 1.—Stool simulating tumor. On this SE 500/30 sequence done in prone 
position without air distension or bowel preparation, differentiation of tumor 
(arrows) from layering liquid stool (curved arrows) is difficult. Tumor invasion 
into perirectal fat can be seen posteriorly (curved arrow). 


sing. With MR the rectum was difficult to evaluate without 
bowel preparation. In six cases evaluated without bowel 
preparation or air distension, intraluminal tumor, stool, and 
collapsed bowel were difficult to differentiate because of their 
similar signal characteristics (Fig. 1). The primary tumor, how- 
ever, was identified in all 10 patients in whom bowel prepa- 
rations and the air distension technique were employed. Prone 
positioning allowed the air to remain “trapped” in the rectum 
because of the relative dorsal position of the rectum while 
prone (Figs. 2 and 3). The use of air acted as an optimal 
bowel contrast agent in that it distended the bowel yet gave 
no signal. 


Tumor Appearance 


Morphologically, the outlines of tumor by CT and MR were 
similar. On the T1-weighted MR sequence (SE 500/30), the 
primary tumor had a similar or slightly higher signal intensity 
than skeletal muscle (Figs. 2 and 3). On T2-weighted se- 
quences (SE 2000/30, 60) the signal intensity of the tumor 
increased relative to muscle. However, the contrast between 
the primary tumor and the adjacent perirectal fat decreased, 
making tumor identification more difficult than on the T1- 
weighted SE 500/30 sequence. The prolonged scan times of 
T2-weighted images allowed fewer signal averages per unit 
time, resulting in decreased signal-to-noise. To improve sig- 
nal-to-noise and image quality, voxel size was increased by 
increasing slice thickness to 1.5 cm and decreasing the 
number of phase encoding steps to 128. These trade-offs 
between scan time, signal-to-noise, and spatial resolution 
were significant disadvantages with the T2-weighted se- 
quences. As a result, T2-weighted images did not prove to 
be useful (Fig. 3). 


af) 
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Fig. 2.—Rectal cancer with local ex- 
tension. A, Rectal cancer is difficult to 
evaluate in supine position in this sagittal 
SE 500/30 sequence because of col- 
lapsed bowel wall. B, After recta disten- 
sion with air and prone positioning, rectal 
cancer (arrow) is easily seen. C. Trans- 
verse image shows tumor extension into 
the perirectal fat (arrows) and small lymph 
node (curved arrow). The lymph nodes 
were positive for microscopic tumor. D, 
Transverse CT scan at same level as C 
showing perirectal tumor extension (ar- 
rows) and local lymph node (curved ar- 
row). 


Perirectal Extension 


The T1-weighted MR sequence (SE 500/30) showed direct 
tumor extension as irregular, moderate-signal-intensity areas 
extending directly from the primary tumor into the high-signal- 
intensity perirectal fat or, w th extensive disease, as additional 
discrete foci of low signal intensity surrounded by the high- 
signal-intensity perirectal fat (Figs. 2 and 3). These changes 
were always better seen w th MR than with CT. T2-weighted 
MR sequences showed increased signal intensity of infiltrating 
tumor relative to adjacent adipose tissue. As a result, the 
contrast between infiltrating tumor and perirectal fat de- 
creased, and determination of tumor extension was more 
difficult on T2-weighted sequences (Fig. 2). 


Invasion of Adjacent Organs 


MR demonstrated invasion into the vagina in two cases, 
seminal vesicles in one case, and sacrum in another. Patho- 
logic evaluation of two of these same cases showed tumor 
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invasion into urinary bladder, which was not detected. How- 
ever, since fat and adjacent organs were also invaded in these 
two patients, staging was not affected. The MR studies were 
done with the urinary bladder partially collapsed. CT exami- 
nation with the bladder full detected tumor invasion in one of 
these two cases. 

Pelvic side-wall extension was identified in one case (Fig. 
4). The extent of the disease was best appreciated on the 
transverse and coronal images by MR. The lateral extension 
was more difficult to evaluate on the sagittal images. 


Lymph Nodes 


Lymph nodes were identified by CT and MR in six cases 
and ranged in size from 5 to 15 mm. On the T1-weighted 
sequences they appeared as round or oval low-signal-inten- 
sity areas in the perirectal fat. In five of the six cases, the 
lymph nodes were found to contain tumor pathologically. In 
one case, 15-mm lymph nodes showed benign reactive hy- 
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Fig. 3.—Minimal perirectal tumor ex- 
tension. A, This SE 500/30 sequence 
shows minimal tumor extension into per- 
irectal fat anteriorly (small arrow) but not 
into bladder (B) or prostate(P). This subtle 
invasion is especially well highlighted be- 
cause of contrast between the tumor ex- 
tension (long T1) and fat (short T1). High- 
signal-intensity fluid in rectal ampulla was 
bowel-preparation solution (open arrow) 
(superior hemorrhoidal artery = white ar- 
rows). B, T2-weighted SE 2000/30 shows 
decreased contrast between tumor ex- 
tension and perirectal fat. Degree of ex- 
tension cannot be appreciated. C, Trans- 
verse SE 500/30 sequence at level of 
seminal vesicles (curved arrows) shows 
tumor extension into perirectal fat (small 
arrows). D, CT scan at the same level as 
C shows minimal streaky densities in per- 
irectal fat (arrows), which prospectively 
were interpreted as benign changes. 
Pathologically, these were found to rep- 
resent tumor invasion into perirectal fat. 


Fig. 4.—Organ invasion and side-wall 
extension. Sagittal (A) and coronal (B) SE 
500/30 sequences.show large bulky rec- 
tal tumor (black arrows) with invasion of 
vagina (white arrow in A) and pelvic side- 
wall extension (white arrows in B). Vaginal 
invasion was confirmed at surgery. 
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Fig. 5.—MR and CT comparison. Two 
contiguous SE 500/30 images (A, B) are 
compared with CT images (C, D) at same 
level. Extensive perirectal tumor 2xten- 
sion is seen by both techniques. Multiple 
enlarged lymph nodes (arrows) were 
found to be hyperplastic. The thicxened 
rectal wall is due to tumor. 


TABLE 2: Tumor Staging by MR and CT 











Stage CT MRI 
| am —_ 
II 3 2 
IIA 10 11 
IIIB 2 2 
IV 1 1 





Note.—Dash indicates no stage | tumors found. 


perplasia histologically (Fig. 5). In no cases were enlarged 
lymph nodes missed by MR on the T1-weighted sequences. 
In one case both T1- and T2-weighted images were obtained. 
On the T2-weighted images the signal intensity of the lymph 
nodes increased relative to fat, making identification of the 
lymph nodes difficult. 


Staging 


MR and CT agreed and correctly staged 15 cases that 
included the two cases in which bladder invasion was not 
detected and staging was ‘ot affected. In one case MR 
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correctly staged a patient as IIIA (invasion into local fat) while 
CT understaged at II (bowel-wall thickening) (Fig. 3). “here 
were no stage | (polypoid) lesions. The majority of lesions 
were advanced, with 81% being stage Ill or IV. The complete 
staging data are shown in Table 2. The five patients who 
were radiated before surgery had extensive perirectal fibrosis. 
The tumor itself was usually ulcerated and necrotic. Patho- 
logic invasion into the perirectal fat did not seem to be altered 
by the radiotherapy, although the viability of these cals is 
unknown. 


Discussion 


Use of a variety of techniques allowed development of an 
effective technique to assess specifically the rectum and 
perirectal area by MR. Detection of the tumor per se aids in 
isolating the perirectal area most likely to be at risk for local 
invasion. To accurately visualize the luminal extent of tumor, 
bowel preparation, prone positioning, and bowel insufflation 
are required. Thorough cleansing eliminated the presence of 
stool whose MR characteristics closely resemble tumor (Fig. 
1). The extent of large, bulky tumors, however, could be 
identified without preparation (Fig. 4). Examination in the 
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prone position permitted air retention in the rectum, distending 
the bowel such that the primary tumor could be identified. In 
the nine patients imaged by MR with optimal bowel prepara- 
tion and correct positioning, identification and characterization 
of the primary tumor was comparable to CT. 

On the T1-weighted sequence (SE 500/30), rectal cancers 
displayed moderate signal intensity, equal to or slightly greater 
than skeletal muscle. With the high signal intensity of perirec- 
tal fat (short T1) and the absent signal intensity of the rectal 
air, tumors (long T1) with their moderate signal intensity were 
well depicted because of high contrast between tumor, fat, 
and air. The T2-weighted sequence (SE 2000/30, 60) de- 
creased contrast between the tumor and the adjacent peri- 
rectal fat as both tissues have long T2 relaxation times. 
Because of reduced contrast, invasion of tumor into the 
perirectal fat was difficult to delineate on the T2-weighted 
sequence. Therefore, as our experience evolved, the T2 
sequences were not routinely obtained. However, if uterine 
or pelvic side-wall invasion were suspected on the T1 se- 
quence, a T2-weighted examination might be of use. This 
follows from experience with musculoskeletal tumors in which 
T1-weighted sequences have limited tumor-muscle contrast 
because of similarly long T1 relaxation times; whereas T2- 
weighted sequences have excellent contrast because of the 
long T2 of tumor and short T2 of muscle. 

Our data suggest that MR can equal or better CT for 
Staging rectal cancer. Both techniques can identify the primary 
tumor and detect perirectal extent of disease. Perirectal in- 
vasion, however, is easier to identify with MR than CT be- 
cause of the higher contrast between tumor and fat. In one 
case MR correctly staged a lesion as IIIA while CT under- 
staged at Il, demonstrating some of the difficulties in CT 
staging [2-4]. Unfortunately neither CT nor MR are able to 
detect the extent of bowel-wall invasion and therefore may 
not be able to distinguish stage | from stage II disease. 

In this series the tumors were advanced, and consequently, 
minor soft-tissue linear stranding in the perirectal area was 
not an imaging problem. In less advanced disease these minor 
changes might be difficult to interpret on both MR and CT 
unless they project directly from the tumor as in Figure 3, 
which shows changes that were correctly identified by MR as 
tumor extension. 

MR and CT have been shown to be effective in detection 
of pelvic lymphadenopathy [12-14]. Six of the 16 patients in 
this series had lymph nodes detected, ranging in size from 6 
to 15 mm. The small lymph nodes might be expected to show 
benign hyperplasia, but in five of the six cases the lymph 
nodes contained microscopic tumor. In fact, only the largest 
(15 mm) lymph nodes were hyperplastic (benign). The inability 
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to characterize tumor containing lymph nodes is a deficiency 
of both CT and MR. 

Our initial experience suggests that MR can delineate the 
anatomic detail of the rectum and perirectal area. In relatively 
advanced rectal cancers, MR is equally as effective as CT for 
characterization and staging of rectal tumors. 
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CT in the Management of 
Periappendiceal Abscess 





Abdominal CT was the primary diagnostic method used to evaluate 40 patients with 
suspected periappendiceal abscess. Its subsequent impact on patient management was 
then analyzed for several categories of clinical presentation, including patients with and 
without a palpable right-lower-quadrant mass and postoperative patients. CT was 
reliable in distinguishing periappendiceal abscesses from phlegmons; 17 of 18 patients 
with phlegmons responded promptly to antibiotic therapy alone without need for surgery. 
Patients with larger, poorly localized abscesses underwent early surgical drainage. CT 
was successful in guiding percutaneous catheter drainage (nine patients) or aspiration 
(one patient) of well-localized periappendiceal abscesses in 10 of 11 patients. One 
attempted catheter drainage guided by sonography was technically unsuccessful. In 
patients without a palpable right-lower-quadrant mass, CT was helpful in establishing 
the diagnosis of periappendiceal inflammation. However, there were three false-positive 
diagnoses in patients with pericecal fluid collections including a ruptured cecal lym- 
phoma, a ruptured cecal diverticulum, and a ruptured corpus luteum cyst. A diagnostic 
approach with CT is presented in patients with suspected periappendiceal abscess. 


Periappendiceal abscesses or phlegmons occur in 2%-7% of all patients with 
acute appendicitis [1-3]. In some patients the diagnosis is apparent on the basis 
of a typical history for acute appendicitis and a palpable right-lower-quadrant mass. 
However, in patients without a palpable right-lower-quadrant mass, the diagnosis 
is often less certain, and periappendiceal abscess is only one of a number of 
important diagnostic considerations. 

The surgical management of patients with suspected periappendiceal abscess 
and a palpable right-lower-quadrant mass remains quite controversial [1-9]. Al- 
though some surgeons prefer immediate surgical exploration with drainage and 
appendectomy, others have emphasized the high frequency of postoperative 
complications after early surgery [3, 7, 9] and prefer an initial trial of nonoperative 
management with antibiotic therapy. A main factor in this controversy has been 
the inability of surgeons to clinically distinguish a true periappendiceal abscess 
from a phlegmon [10, 11]. A second factor has been the limited information provided 
by barium enemas regarding the nature and extent of the periappendiceal inflam- 
matory process [12]. 

CT has the potential advantage of directly imaging the periappendiceal area, and 
it can distinguish a phlegmon from a liquefied abscess. CT may provide a fuller 
assessment of the extent of periappendiceal inflammation by defining cul-de-sac 
and/or retroperitoneal extension. In patients without a palpable right-lower-quad- 
rant mass, CT may aid in resolving diagnostic dilemmas by demonstrating findings 
of localized periappendiceal inflammation. In appropriate patients, CT may guide 
percutaneous drainage of periappendiceal abscesses as an alternative to surgical 
drainage. 

The CT appearance of periappendiceal abscesses has previously been described 
[13-15]. To better assess the role of CT in the management of patients with 
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suspected periappendiceal abscesses, we reviewed our ex- 
perience with 40 patients. 


Materials and Methods 


Abdominal CT scans and medical records were reviewed in 40 
patients evaluated by CT for suspected periappendiceal abscesses. 
The ages of the 11 female and 29 male patients ranged from 9 to 75 
years (mean, 39 years). Thirty-one patients (77%) presented with 
fever and right-lower-quadrant pain for more than 72 hr. 

The patients in this series were divided into three Categories based 
on their clinical presentation. Group 1 consisted of 14 patients thought 
to have a high probability for periappendiceal abscess based on a 
typical history for appendicitis and the presence of a palpable right- 
lower-quadrant mass. Group 2 consisted of 19 patients with a history 
compatible with acute appendicitis and a periappendiceal abscess 
but who lacked a palpable right-lower-quadrant mass. The diagnosis 
of periappendiceal abscess remained uncertain in this group of pa- 
tients, and a number of other diagnostic possibilities were considered. 
Group 3 consisted of seven patients with Suspected postoperative 
periappendiceal abscesses after routine appendectomy. 

Patients were categorized as having either periappendiceal ab- 
Scesses or phlegmons. Patients demonstrating areas of both abscess 
formation and phlegmon were categorized as having abscesses (Figs. 
1A and 1B). The CT criteria for a periappendiceal abscess included 
the following: (1) a well-defined pericecal low-density area with CT 
numbers less than 20 H with or without gas bubbles, and (2) the 
presence of mass effect on the cecum and/or adjacent bowel loops 
and an enhancing rim. Criteria for CT diagnosis of a periappendiceal 
phlegmon included: (1) ill-defined soft-tissue density mass (greater 
than 20 H), and (2) no discrete low-density areas or gas bubbles 
(Fig. 2). 


Results 
Group 1: Palpable Right-Lower-Quadrant Mass 


Among the 14 patients in Group 1, CT demonstrated a 
periappendiceal phlegmon in four patients, a localized periap- 
pendiceal abscess in six patients, and poorly localized periap- 
pendiceal abscess with either pelvic (three patients) or retro- 
peritoneal (one patient) extension. All 14 patients in Group 1 
were initially treated with IV antibiotic therapy. The four pa- 
tients with CT evidence of a periappendiceal phlegmon were 
successfully managed with antibiotic therapy with prompt 
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Fig. 1.—Nonrotation of small bowel 
with left-sided periappendiceal phlegmon 
and abscess. Patient presented as diag- 
nostic dilemma, owing to left-sided pain. 
A, Large left-lower-quadrant phlegmon 
(arrows). Note midline cecum (open ar- 
row) and small intestine in right-lower 
quadrant (asterisk). Scan 2 cm caudal (B) 
shows abscess (A) with well-defined low- 
density areas and gas bubbles. 





Fig. 2.—Pericecal phlegmon. CT shows soft-tissue in- 
flammatory mass (arrows) adjacent to cecal tip (C). 


resolution of both the right-lower-quadrant mass and clinical 
symptoms. All four patients were then readmitted 4-6 weeks 
later for elective appendectomy. 

Six patients in Group 1 had CT evidence of localized 
periappendiceal abscesses. Five patients underwent either 
successful percutaneous catheter drainage (Figs. 3A and 3B) 
or guided-needle aspiration (one patient with a small abscess). 
In one patient undergoing percutaneous abscess drainage 
guided by sonography, the back wall of the abscess Cavity 
was inadvertently perforated resulting in peritonitis and need 
for emergency laparotomy. The other five patients underwent 
elective appendectomy 4-6 weeks after being discharged. 

Four patients in Group 1 had CT evidence of extensive or 
poorly localized periappendiceal abscesses with either retro- 
peritoneal or pelvic extension (Fig. 4). All four patients under- 
went laparotomy within 24 hr of CT with confirmation of a 
periappendiceal abscess. 


Group 2: No Palpable Right-Lower-Quadrant Mass 


Among the 19 patients in Group 2, CT demonstrated per- 
lappendiceal inflammatory changes in 17 patients. In the 
remaining two cases, CT excluded a periappendiceal abscess 
and correctly diagnosed a ruptured ovarian cyst in one case 
and a small bowel obstruction in another patient. Both these 
diagnoses were confirmed at surgery. In one patient with a 
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Fig. 3.—Percutaneous drainace of 
periappendiceal abscess. A, Well4ocal- 
ized abscess (arrow). B, After catheter 
drainage, abscess cavity resolved. 





Fig. 4.—Large pelvic extension f-om ruptured appendix. CT 
shows periappendiceal abscess (arrow) with pelvic extension 
(asterisk). 


history compatible with a periappendiceal abscess and left- 
lower-quadrant pain, CT demonstrated nonrotation of the 
small bowel with a left-lower-quadrant abscess adjacent to 
the cecum located in the midabdomen. A correct diagnosis of 
a left-sided periappendiceal abscess was made and confirmed 
by surgery (Fig. 1). 

Nine patients in Group 2 had CT evidence of a periappen- 
diceal phiggmon. All nine patients responded to antibiotic 
therapy alone. Elective appendectomy was then performed in 
seven patients 4-6 weeks after they were discharged; the 
other two patients were lost to follow-up. 

Of the remaining eight patients, three had well-localized 
periappendiceal abscesses that were successfully drained 
percutaneously with CT guidance. Two patients underwent 
elective appendectomy 4-3 weeks after they were dis- 
charged, and one patient was lost to follow-up. 

Five patients had extensive or poorly defined periappendi- 
ceal abscesses with pelvic extension diagnosed by CT. All 
five patients underwent surgical exploration within 24 hr of 
CT. Surgery confirmed periappendiceal abscesses in two 
patients. However, in the remaining three patients surgery 
revealed a ruptured cecal civerticulum with a pericecal ab- 
scess, a ruptured cecal lymphoma with a pericecal abscess, 
and a ruptured corpus luteum cyst with sterile pericecal fluid, 
respectively. 
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Group 3: Suspected Postoperative Abscesses 


Five patients in Group 3 had CT evidence of postoperative 
periappendiceal phlegmons without an abscess. In four of 
these patients, symptoms were relieved with antibiotic ther- 
apy without surgical intervention. One patient on antibiotics 
who had persistent low-grade fever and pain underwent 
Surgical exploration, which revealed no evidence of an ab- 
scess and only a phlegmon with pericecal adhesions. This 
patient ultimately responded to antibiotic therapy and no 
further surgery was performed. 

Two patients had localized postoperative periappendiceal 
abscesses after appendectomy. Both patients successfully 
underwent percutaneous catheter drainage under CT guid- 
ance. 


Discussion 


Localized perforations of the appendix may become walled 
off from the rest of the peritoneal cavity by adjacent omentum 
and small-bowel loops resulting in a palpable right-lower- 
quadrant mass. Surgical management of patients with an 
appendiceal mass remains controversial, anc several authors 
have noted that it is virtually impossible to distinguish a 
periappendiceal phlegmon from a true abscess on clinical 
grounds alone [7, 10]. This is underscored by the fact that in 
recent surgical series early operation for “appendiceal ab- 
scess” in fact revealed no evidence of drainable pus and only 
a phlegmon in 45% of patients at laparotomy [3]. Because of 
an unacceptably high complication rate with early surgery (up 
to 36% in some series) [3, 7, 9], many surgeons prefer initial 
nonoperative management with antibiotic therapy followed by 
interval appendectomy 4-6 weeks later. 

CT appears to be a reliable method for distinguishing 
periappendiceal abscesses from phlegmons. Of the 18 pa- 
tients with CT evidence of periappendiceal phlegmons, 17 
responded to antibiotic therapy alone without the need for 
surgical or percutaneous intervention. In the one remaining 
patient with persistent low-grade fever and right-lower-quad- 
rant pain, surgery revealed only pericecal adhesions and no 
evidence of an abscess. 
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Twenty patients in the series had CT evidence of a periap- 
pendiceal abscess. This was confirmed in 18 patients (89%) 
by either percutaneous drainage, aspiration, or surgery. Two 
additional patients had abscesses in the region of the appen- 
dix that were not caused by appendiceal perforation but by 
other disorders of the cecum. One patient had a ruptured 
cecal lymphoma and another had a ruptured cecal diverticu- 
lum both mimicking the CT appearance of a periappendiceal 
abscess. A third patient had a ruptured corpus luteum cyst 
with sterile pericecal fluid and no evidence of an abscess. 
Therefore, it is important to emphasize that the mere dem- 
onstration of an abscess or fluid collection in the region of the 
cecum is not conclusive evidence for a periappendiceal ab- 
scess. Despite the CT errors in these three patients, two 
patients nonetheless required surgical intervention for drain- 
age of an abscess. 

In 11 patients, percutaneous drainage or aspiration was 
performed for well-localized periappendiceal abscesses, re- 
Sulting in successful resolution of the abscess in 10 patients. 
A point not addressed by our study is how often patients with 
well-localized periappendiceal abscesses will respond to an- 
tibiotic therapy alone without the need for either Surgical or 
percutaneous drainage. We think that although some patients 
will ultimately respond to antibiotic therapy, their overall length 
of hospitalization is probably shortened by percutaneous 
drainage. CT is therefore helpful in selecting patients for 
percutaneous abscess drainage as an alternative to Surgical 
intervention. The finding of poorly localized or extensive per- 
lappendiceal abscesses with both pelvic or retroperitoneal 
spread is helpful in opting for early surgical drainage. The 
operating surgeon then has the advantage of knowing the full 
extent of the abscess. 

CT appears to add very little to the management of patients 
with a high clinical probability for periappendiceal inflammation 
(based on history and a palpable mass) who rapidly respond 
to antibiotic therapy. If mere confirmation of a periappendiceal 
mass is required, a barium enema is certainly more cost- 
effective than CT. In patients who do not respond to antibiotic 
therapy, however, CT may be useful in demonstrating local- 
ized periappendiceal abscesses appropriate for percutaneous 
drainage or demonstrating more extensive abscesses that 
require surgical intervention. If a phlegmon is demonstrated 
by CT, no intervention is required and more prolonged anti- 
biotic therapy is indicated. 

In many of our patients (19 of 40, or 49%), however, there 
was no palpable appendiceal mass, and thus the diagnosis 
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of a periappendiceal abscess was uncertain. In this group, 
CT may help to establish the diagnosis by demonstrating a 
periappendiceal inflammatory process. As with a barium 
enema, however, false-positive diagnoses may be encoun- 
tered in a few patients [12]. CT also was valuable in excluding 
periappendiceal inflammation in two patients and in success- 
fully diagnosing a small-bowel obstruction in one patient and 
a ruptured ovarian cyst in another. In patients with postop- 
erative complications after appendectomy, CT may be useful 
in again demonstrating either periappendiceal abscesses or 
phlegmons and in guiding postoperative drainage of localized 
abscesses. 


REFERENCES 


1. Befeler D. Recurrent appendicitis. Arch Surg 1984;89:666-668 
2. Thomas DR. Conservative management of the appendix mass. 
Surgery 1973;73(5):677-680 
3. Jordan JS, Kovalcik PJ, Schwab CW. Appendicitis with a palpa- 
ble mass. Ann Surg 1981;193(2):227-229 
4. Hoffmann J, Lindhard A, Jensen H. Appendix mass: conservative 
management without interval appendectomy. Am J Surg 
1984; 148:379-382 
5. Paull DL, Bloom GP. Appendical abscess. Arch Surg 1982; 
117:1017-1019 
6. Ainbjornsson E. Management of appendicea abscess. Curr Surg 
1984;41:4-9 
7. Skoubo-Kristensen E, Hvid |. The appendiceal mass: results of 
conservative management. Ann Surg 1982; #96(5):584-587 
8. Foran B, Berne TV, Rosoft L. Management of the appendiceal 
mass. Arch Surg 1978;113:1144-1145 
9. Bradley EL, Isaacs J. Appendiceal abscess revisited. Arch Surg 
1978;113:130-132 
10. McPherson AG, Kinmonth JB. Acute appendicitis and the appen- 
dix mass. Br J Surg 1945;32:365-370 
11. Vakele C. Operative treatment of appendix mass. Am J Surg 
1976;131:312-314 
12. Fedyskin P, Kelvin FM, Rice RP. Nonspecificity of barium enema 
findings in acute appendicitis. AJR 1984:143: 99-102 
13. Gale ME, Birnbaum S, Gerzof SG, Sloan G, Johnson WC, 
Robbins AH. CT appearance of appendicitis and its local com- 
plications. J Comput Assist Tomogr 1985;9(7):34-37 
14. Jones B, Fishman EK, Siegelman SS. Computed tomography 
and appendiceal abscess: special applicability in the elderly. J 
Comput Assist Tomogr 1983;7(3):434-438 
15. Fish B, Smulewicz JJ, Barek L. Role of computed tomography 
in diagnosis of appendiceal disorders. NY State J Med 
1981;81:900-904 


1165 





Malignant Pleural Effusion: A Complication of Transhepatic 


Biliary Drainage 


Sara L. Anschuetz' and Fobert L. Vogelzang 


The complications associated with transgressing the pleural 
space in placement of transhepatic biliary drainage catheters 
have been well described [1-3]. Seeding of pancreatic malig- 
nancy along a catheter tract [4] and rib erosion from chronic 
biliary catheter placement [€] have been described. Miller et 
al. [6] reported three cases of peritoneal seeding of cholan- 
giocellular carcinoma seconcary to percutaneous biliary drain- 
age, and Oleaga et al. [7] reported a case of subcutaneous 
implantation of the same type of tumor. We recently encoun- 
tered a patient in whom lang-standing biliary drainage for 
cholangiocellular carcinoma ultimately led to development of 
a malignant pleural effusion. 


Case Report 


A 60-year-old woman preserted with obstructive jaundice. Initial 
diagnostic work-up included CT followed by transhepatic cholangj- 
ography. The latter demonstrated a central stenotic process Causing 
obstruction of the left and right ducts. Drainage of the right lobe was 
achieved through the ninth interspace (Fig. 1). Brush biopsy yielded 
a cytologic diagnosis of cholangiocarcinoma. An elevated right hem- 
idiaphragm was noted on chest radiograph immediately after catheter 
placement, but there was no evidence of pneumothorax or effu- 
sion. Subsequent chest radiographs demonstrated a trans- 
pleural course of the catheter. Attempts at internal drainage were 
complicated by biliary sepsis related to left ductal obstruction. Exter- 
nal drainage of the left duct was performed, but a short tortuous 
ductal system thwarted efforts to catheterize the duodenum, and the 
catheter was removed. Chronic antibiotic therapy and external biliary 
drainage satisfactorily controllec sepsis. Frequent catheter changes 
were necessary, and repeated 2fforts at left ductal catheterization 
were unsuccessful. 

Eighteen months after initial biliary drainage, a large right pleural 
effusion was noted (Fig. 2). Thoracentesis yielded cholangiocellular 
carcinoma. The patient was continued on palliative treatment and 
died 4 months later. An autopsy was not performed. 


Discussion 


The development of a malignant pleural effusion after long- 
term biliary drainage in our case resulted from two complica- 


tions of catheter placement: trangression of tne pleural space 

and metastatic seeding along the catheter tract. 
Complications from crossing the pleural space during biliary 

drainage procedures have been well documented and include 


O i 





Fig. 1.—Transcatheter cholangiogram after biliary drainage. Although central 
stenotic process was present, catheter cholangiogram demonstrates good 
filling of both right and left ducts. No evidence of pleural effusion. 
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Fig. 2.—Chest radiograph 18 months after initial biliary drainage shows 
large right pleural effusion. Note biliary drainage catheter (arrows). 


pneumothorax, hemothorax, empyema, and biliary-pleural fis- 
tula [1-3, 8]. These can be avoided by careful delineation of 
the pleural recess and entry below the tenth rib. However. 
transgression of the pleura probably occurs frequently and is 
often without clinical sequelae. 

Although seeding of tumor cells along the tract of needle 
biopsies and biliary drainage catheters has been reported, 
such events are rare given the frequency of such interventions 
[4, 6, 7, 9]. Specifically, both subcutaneous and peritoneal 
tumor implants of cholangiocellular carcinoma have been 
reported after biliary drainage procedures [6, 7]. The time 
interval between the initial intervention and the discovery of 
tumor in these cases ranged from 3 weeks to 16 months. 
Undoubtedly, the duration of catheter placement together with 
the propensity of cholangiocellular carcinoma to invade and 
infiltrate locally rather than spread hematogenously helped to 
cause this complication in our patient as well as those cited 
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in the literature. It was clear that the malignant effusion in our 
case was related to catheter drainage because of the se- 
quence of events and the presence of a site of the metastatic 
disease, which is rarely seen in this tumor [10, 11]. The 
multiple catheter exchanges necessary for management may 
also have hastened the process of pleural contamination. 
Although placement of a biliary endoprosthesis may have 
prevented this complication, failure to adequately drain the 
obstructed left ductal system led to continued use of the 
transhepatic route. Also, the pleural effusion did not play a 
role in the patient's death, which occurred as a result of the 
progression of local disease. Pleural effusions developing late 
in the course of biliary drainage should be suspected of being 
malignant and cytologic evaluation of pleural fluid obtained. 
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MRI of Hemorrhagic Renal 
Cysts in Polycystic Kidney 
Disease 





Nine patients with polycystic kidney disease were examined by MRI, CT, and sonog- 
raphy. MRI distinguished among simple cysts, cysts complicated by prior hemorrhage, 
and coexistent renal cell carcinoma. On T1-weighted spin-echo images, simple renal 
cysts appeared as round, homogeneous, low-signal regions with smooth outer margins 
and a distinct interface with remaining normal renal parenchyma or adjacent cysts. 
Hemorrhagic cysts were seen as homogeneous medium- to high-signal intensity regions, 
and about half of them correlated with hyperdense cysts by CT. In five cases, fluid-iron 
levels were evident by dependent high-intensity layering within the cysts. Renal cell 
carcinomas occasionally show high intensity because of hemorrhage, but intratumoral 
fluid-iron levels have not yet been described. These results suggest that MRI is useful 
in differentiating between simple cysts, hemorrhagic cysts, and neoplasms when CT 
and sonography are indeterminate. 


Adult polycystic kidney disease is an autosomal dominant disorder in which renal 
parenchyma is replaced by multiple cysts of varying size. Differentiation among 
intracystic hemorrhage, infection, and neoplasia is an important concern in clinical 
management of these patients, yet it can be elusive with standard imaging tech- 
niques. Sonography of the polycystic kidney often fails to reliably differentiate 
hemorrhagic cysts from carcinoma. Recent CT descriptions of hemorrhagic cysts 
include increased density (60 to 90 H) on unenhanced scans when compared with 
uncomplicated cysts and renal parenchyma [1-4]. 

Initial reports suggest that hemorrhagic cysts are intense on both T1- and T2- 
weighted spin-echo images, because of shortening of T1 and T2 relative to water, 
with the effect of the former predominating [5-8]. The present report correlates 
findings of MRI and other imaging techniques in nine patients with adult polycystic 
kidney disease with particular attention to the differentiation of hemorrhagic renal 
cysts from other space-occupying renal lesions. 


Materials and Methods 


Nine patients with polycystic kidney disease underwent diagnostic imaging procedures as 
described in Table 1. MRI was performed to evaluate intrarenal cystic lesions that were 
indeterminate on sonography and/or CT. In seven cases (1 through 7) a Fonar (Melville, NY) 
0.3-T nonsuperconducting magnet was used. Spin-echo (SE) technique with pulse sequence 
interval (TR) of 500 msec and an echo delay (TE) of 28 msec was employed in seven cases. 
An additional sequence (SE 2000/56) was performed in case 2 but yielded poor image quality. 
In case 7, four scans (SE 2000/28, SE 2000/56, SE 1000/56, and SE 2000/56) were obtained. 
Matrix size was 256 x 256. Slice thickness was 9 mm with a 3-mm interslice interval. In 
cases 8 and 9, MRI was performed on a General Electric (Milwaukee, WI) superconducting 
unit operating at 1.5 T. Sequences used were SE 600/20 or SE 800/25, and SE 2000/60 or 
SE 2000/80. Imaging was performed in combinations of axial, coronal, and sagittal planes. 

Sonographic examinations were performed using a real-time Diasonics (Milpitas, CA) unit 
with a 3.5-MHz transducer. 
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TABLE 1: Summary of Patient Characteristics and Imaging 
Techniques Employed 


Ee 








sac Presenting Complaint S CT Angio MRI Path 
1 (40, M) Flank pain, hematuria — C-.C+ + + + 
2 (50, F) Sepsis + C- — + — 
3 (63, F) Sepsis + C- -- + = 
4 (31, F) Flank pain, hematuria + — — + — 
5 (42, F) Hypertension + C—, C+ + + — 
6 (37, F) Recurrent UTI + C+ + + + 
7 (64, M) Flank pain + C-,C+ = + — 
8 (44, M) Flank pain, hematuria — C—,C+ — + — 
9 (33, M) Flank pain, hematuria — C-.C+ - + — 


Note.—Cases 2 and 3 were maintained on hemodialysis. In case 6, coexistent renal cell 
Carcinoma was found. In case 7, an abdominal aortic aneurysm was found. S = sonography; 
Angio = angiography; Path = pathologic study. + = performed: — = not performed; C+ = 
with contrast material; C— = without contrast material. 


CT studies were performed with a Siemens (Iselin, NJ) Somatom 
DR3 unit. Contrast enhancement consisted of a rapid IV infusion of 
150 ml of 60% meglumine diatrizoate. IV contrast material was 
withheld in two patients with renal failure. 


Results 
GT 


All patients showed characteristic radiologic changes of 
polycystic kidney disease with bilateral renal enlargement, 
bosselated renal contour, and a variable but large number of 
cysts of varying size within both cortical and medullary regions 
(Figs. 1A, 2A, 3A, 4A). Most masses met CT criteria for 
uncomplicated cysts; that is, they were of homogeneous low 
density with attenuation values from —10 to +20 H: showed 
lack of contrast enhancement; and had a distinct interface 
with surrounding renal parenchyma, smooth outer margins, 
and an imperceptibly thin cyst wall. 

All nine patients had several renal masses that failed to 
conform to the standard criteria for simple renal cysts. In 
eight patients, there was at least one cystic lesion of homo- 
geneously increased density, with CT numbers ranging from 
20 to 80. A thickened cyst wall was present in several cases 
(Fig. 4A). Peripheral punctate or arcuate calcification was 
seen in one or several cysts in five patients, sometimes with 
and sometimes without hyperdense cyst contents (Fig. 1C). 
A fluid level (higher-attenuation-material layering in the de- 
pendent portion of the cyst below the homogeneous lower- 
attenuation material) was seen in two cysts in case 7 (Fig. 
3A). In case 5 (Fig. 4A), a thickened and calcified cyst wall 
was present. In case 6, CT delineated a large, inhomoge- 
neously enhancing right-upper-pole solid mass and extensive 
retroperitoneal adenopathy. In the rest of the kidney, and in 
the other kidney, there were multiple masses, most of which 
were water-dense, although some were hyperdense. 


Sonography 


Multiple spherical, well-circumscribed, anechoic regions 
with good sound transmission consistent with simple renal 
cysts were found in all patients scanned. The diameters of 
these cysts ranged in size from 1 cm to 6 cm. In case 5, a 2- 
cm mass with sharply defined margins, a fluid-debris level, 
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and poor sound transmission was found in the upper pole of 
the right kidney. A brightly echogenic arcuate focus with distal 
acoustic shadowing formed the posterior wall of the mass 
and corresponded to cyst-wall calcification on CT. A large, 
predominantly solid, right-upper-pole mass (renal cell carci- 
noma) along with retroperitoneal adenopathy and multiple 
bilateral simple renal cysts of varying size were identified in 
case 6. 


MRI 


The MRI findings on the high-field-strength imager were 
comparable to those obtained at the lower field strength. 
Simple cysts appeared homogeneous and had low signal on 
SE 500/28, showing sharp interfaces with surrounding struc- 
tures, thin cyst walls, and smooth margins (Figs. 1B and 1D). 
Correlation with CT criteria for simple cysts was present in all 
instances. 

All patients also had at least one renal mass of intermediate 
to high signal intensity on T1 -weighted images. Most masses 
of increased intensity were homogeneous in content with 
smooth margins and either a thin or an imperceptible cyst 
wall. The presence of high signal intensity was unrelated to 
the size of the cyst. Altered intensity of cyst content was 
seen more frequently in patients with near total replacement 
of renal parenchyma than in patients with a relatively smaller 
number of cysts. In several cases, thickening of cyst walls 
was apparent. Arcuate peripheral regions of absent MR signal 
were seen in several cysts and corresponded to rim calcifi- 
cation by CT (Fig. 4). 

In five cases (cases 2 and 5-8), high-intensity signal was 
seen to layer in the dependent portion of one or more cysts 
below a lower-intensity signal on T1-weighted images (Figs. 
2B, 3B, 4B, and 4C). The fluid level corresponded to similar 
findings on sonography in case 5 (Fig. 4) and on CT in case 
7 (Fig. 3). 

MRI displayed the renal cell carcinoma in case 6 as an 
inhomogeneous, nearly isointense, region on T1-weighted 
spin-echo images. Multiple cysts of varying size and intensity, 
including one cyst with a fluid level, were evident in this case. 
Multiple simple and hemorrhagic renal cysts and a renal cell 
Carcinoma were confirmed at autopsy. Bilateral Surgical de- 
roofing of renal cysts, performed in case 1 to control pain and 
to investigate persistent suspicion of neoplasm, revealed 
multiple hemorrhagic cysts. Follow-up MRI examinations over 
18 months were obtained in case 5, and these showed no 
significant change over time in the fluid level or in the number, 
size, or signal intensity of the renal cysts. 

MRI was consistent with the diagnosis of hemorrhagic cyst 
in all masses that were indeterminate on CT and sonography, 
and it identified the one carcinoma. The MRI demonstration 
of a fluid-iron level (five of nine cases) Strongly favored hem- 
orrhagic cyst over carcinoma. 


Discussion 


Hemorrhage into a simple renal cyst is a relatively uncom- 
mon occurrence, with the reported incidemce varying from 1% 
to 11% [9, 10, 4]. In patients with polycystic kidney disease, 
the incidence of cyst hemorrhage is high [1 1], although ac- 
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Fig. 1.—Case 1. Simple and hemorrhagic cysts. Noncontrast CT (A and C) 
and corresponding SE 500/28 MFI (B and D). CT shows two water-density 
cysts in left kidney (A, open arrows). Corresponding MR (B) shows the more 
central cyst to have a thin wall anc low intensity (white arrow), but the lateral 
cyst has slightly higher intensity topen arrow) and perceptible wall thickening, 
consistent with complicated cyst or neoplasm. High-density cyst in left kidney 


curate estimates are not available. Rigid criteria for CT and 
sonographic diagnosis of simple cysts have been established, 
and findings that deviate from these criteria have provoked 
extensive further evaluation, at times culminating in surgical 
exploration in order to exclude a neoplastic process. Hemor- 
rhagic cysts are often considered radiologically indeterminate. 
The increase in CT attenvation of renal cysts complicated 
by hemorrhage has been attributed to clot retraction, with 
resultant concentration of protein components of blood 
[4, 12], and to an elevated iron content [2]. Other reports 
suggest that alterations of attenuation values may occur with 
highly proteinaceous cyst contents [13] and with transient 
iodine accumulation [14, 1£]. 

MRI offers specificity similar to CT in identifying simple 
cysts, although sensitivity is currently limited by the relatively 
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(closed arrow) has high intensity on MR consistent with hemorrhage. Soft- 
tissue mass in right kidney (closed arrow) is high intensity, equal to fat, 
suggestive of hemorrhagic cyst. Isointensity with fat obscures its contour. At 
another level (C), CT shows calcification in right kidney that is not apparent on 
MR (D). High-intensity hemorrhagic cyst in left kidney (arrow) is nearly invisible 
on CT. 


poor spatial resolution of MRI systems. Simple renal cysts 
characteristically have a low signal on T1-weighted MR im- 
ages and increase in intensity on T2-weighted sequences 
secondary to the prolonged T1 and T2 relaxation times of 
their principal component, water [5-8]. MRI has demon- 
strated homogeneous high signal intensity in hemorrhagic 
cysts on both T1- and T2-weighted spin-echo images (5-8). 
The T1 and T2 reported were variable, but always less than 
those for simple cysts. 

In the present study, the hemorrhagic cysts remained high 
in signal intensity on both T1- and moderately T2-weighted 
images, whereas simple cysts had low intensity on T1- 
weighted images and gained in signal intensity with increasing 
TR and TE. The high-intensity-material layering posteriorly 
within a cyst (Fig. 3) became low in signal relative to the rest 
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Fig. 2.—Case 2. Multiple cysts of variable appearance. Unenhanced CT correspond to low-signal-intensity cysts on MRI (SE 900/28, B) and high- 
scan (A) shows massively enlarged kidneys with multiple well-defined small and attenuation cysts to high signal. Punctate calcification apparent on CT is not 
large cysts of variable attenuation. Low-attenuation cysts on CT generally easily recognized on MRI. A fluid-iron level is seen in B (arrow) 
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Fig. 3.—Case 7. Fluid-iron level in hemorrhagic cyst with intensity reversal on 
second echo. Contrast-enhanced CT scan (A) shows cyst in posterior aspect of 
right kidney with higher-density-material layering in the dependent portion (arrow). 
On corresponding MR scan (SE 2000/28, B), high-signal-intensity material is 
present in posterior aspect of cyst. On second-echo MR image (SE 2000/56, C), 
relative signal intensity of cyst contents reverse (arrow). A small low-signal cyst 
(Open arrow) in B becomes isointense to adjacent renal parenchyma with more 
T2-weighted imaging parameters (C). 
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of the cyst contents and to an adjacent, small, simple cyst on 
increased T2-weighted scans (SE 2000/56). Perinephric and 
subcutaneous fat remained high in signal intensity. These 
findings indicate that hemorrhagic cyst contents possess a 
shortened T1 as reflected in high signal intensity on T1- 
weighted images. The T2 relaxation of the hemorrhagic com- 
ponent was shortened compéred with simple cyst fluid, since 
the sigmal intensity decreased relative to an adjacent simple 
cyst on more heavily T2-weighted images. Markedly T2- 
weighted imaging parameters may aid in the differentiation of 
cyst hemorrhage from fat, which possesses a very long T2 
relaxation time. 

The hyperintense appearance of hemorrhage on MR im- 
ages has been described witk intratumoral hemorrhage [16], 
intracranial hemorrhage [17], and hemorrhage into a liver cyst 
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Fig. 4.—Case 5. CT suspicious for neoplasm, MRI suggests hemorrhagic cyst by 
showing fluid level. Contrast-enhanced CT scan (A) shows large right renal mass 
(closed arrow) with thick irregular wall. A fluid-iron level (closed arrow) is present on 
axial (B) and sagittal (C) MR images (SE 500/28). An arcuate rim of calcification is 
present in posterior wall of this cyst (open arrow) and in a large water-density cyst 
(open arrow) in left kidney. The calcium on CT corresponds to poorly delineated regions 
of absent signal on MR images (open arrows). 


[18]. The intense appearance was attributed to shortening of 
the T1 relaxation time by paramagnetic iron-containing hemo- 
globin. Bradley and Schmidt [17] demonstrated significant 
shortening in T1 relaxation time for solutions of red blood 
cells and cerebrospinal fluid with serial imaging. No significant 
change in T2 was documented. The reduction of T1 plateaued 
at 4 days and was accompanied by an increase in methe- 
moglobin concentration. Methemoglobin contains oxidized 
Fe*?, which is paramagnetic; hemoglobin contains reduced 
Fe*? which is not. These experimental findings are consistent 
with the clinical findings of increasing intensity of subarach- 
noid blood with the passage of time. With some limitations, 
the role of methemoglobin formation and the shortening of 
the T1 may also explain the intense MR appearance of 
hemorrhage into renal cysts. These data also suggest that 
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acute hemorrhage may be difficult to detect with T1 -weighted 
imaging, although intensity will increase over a 5-day period. 

Hemorrhagic cysts were remarkable for dependent layering 
of high-signal material below decreased-signal-intensity ma- 
terial in five of our cases. A similar fluid-iron level in a high- 
intensity cyst, hemorrhagic by cyst aspiration, was demon- 
Strated but not commented upon by Hricak et al. [6]. From 
these findings it may be postulated that the dependent high- 
signal fluid is secondary to an increased concentration of 
paramagnetic iron moieties producing a fluid-iron level. Para- 
magnetic methemoglobin is bound within the intact red blood 
cell or within the lysed red-blood-cell membrane, both of which 
tend to settle to the dependent position [17]. With the flexi- 
bility of imaging planes in MRI, an important technical point is 
that such a fluid level will be easily overlooked on coronal 
images since the fiuid level lies parallel to the plane of section. 
The axial or sagittal presentation is needed to display the fluid 
level on a single image. The walls of the cyst may be evaluated 
for thickness or irregularities by manipulation of the natural 
contrast material within, particularly as spatial resolution of 
MR improves, possibly precluding cyst puncture or surgical 
exploration. 

A wide range of intensity in the renal cysts imaged was a 
Striking feature of those cases of polycystic kidney disease in 
which there were a large number of cysts. Lipuma [7] sug- 
gested that the more recent the cyst hemorrhage, the higher 
the MRI signal. Serial MRI studies in patients presenting with 
Clinical and radiologic findings consistent with cyst hemor- 
rhage are needed to further evaluate the full spectrum of MR 
findings. Multiple factors are likely to contribute to the overall 
signal intensity in hemorrhagic cyst. Such factors may include 
serum hematocrit and protein levels, stage of clot retraction, 
concentration of oxidized iron (Fe*%) in hemoglobin, and com- 
position of cyst fluid (e.g., osmolarity, water content, protein 
content, and cholesterol content). Correlations among MRI, 
MR spectroscopy, and chemical analysis may provide insight 
into the characterization of cyst fluid as well as other body 
fluids. 

The inability to depict calcification is a distinct limitation of 
MRI considering the major role that patterns of calcification 
have played in the radiologic diagnosis of renal masses. The 
arcuate calcification seen on CT (case 5) along the posterior 
border of a hyperdense cyst was correlated with a region of 
absent signal on MRI. However, the ease of correlation was 
probably related to the size and characteristic shape of the 
calcified region and the relationship of the calcified region to 
adjoining structures. Other patterns of calcification are more 
subtle and may well be undetectable without other imaging 
techniques. A second limitation is the lack of specific MR 
characteristics to distinguish between neoplasms and inflam- 
matory and infectious processes. In the two cases of infection 
presented here (cases 2 and 3), MRI offered no additional 
information over CT scanning. The advantages of MRI are 
well known [5-8]. 

Most renal cell carcinomas are slightly hypointense or isoin- 
tense compared with renal parenchyma on T1-weighted im- 
ages and hyperintense on T2-weighted images [6]. Papillary 
renal cell carcinoma or hemorrhagic renal cell carcinoma can 
be hyperintense on T1-weighted images [16]. We have not 
seen renal cell carcinomas with fluid-iron levels. The presence 
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of such a finding may be diagnostic of hemorrhagic cyst, 
obviating further diagnostic evaluation. 

The demonstration of Space-occupying renal lesions that 
fail to conform to all radiographic criteria of a simple renal 
cyst can pose a considerable diagnostic dilemma. Our results 
Suggest that MRI will be useful for the general population as 
well as for polycystic kidney disease patients in confirming 
CT findings of a hyperdense cyst or in differentiating a com- 
plicated cyst from neoplasm in cases where sonography and 
CT are indeterminate. 
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Hemorrhagic Focal Bacterial 
Nephritis: Findings on Gray-Scale 
Sonography and CT 





Five patients with acute focal bacterial nephritis and hematuria had sonographic and 
CT findings atypical for renal infection. Sonographically, each presented with an echo- 
genic focus in the renal parenchyma. Noncontrast CT images showed an area of 
increased density in the corresponding segment of the kidney in three patients, mixed 
high and low density in one patient, and low density alone in the remaining patient. It is 
proposed that these appearances result from the presence of hemorrhage at different 
stages, associated with focal infection. Venous compromise is suggested as the etiol- 


ogy. 


Distinction between segmental and diffuse acute renal infection was uncommon 
and probably unimportant until recent years. Refined imaging technology has 
revealed the frequency with which infection of the kidney is segmentally distributed. 
Therefore, accurate and complete description of the spectrum of imaging manifes- 
tations of this disease has now become important in order to ensure distinction 
from other focal renal diseases such as tumor. 

Acute focal bacterial nephritis (AFBN) refers to a focal inflammatory process of 
the renal parenchyma, without liquefaction [1, 2]. Most cases are believed to result 
from ascending infection, usually by Gram-negative bacteria [2-4]. Renal imaging 
demonstrates abnormalities that are often wedge-shaped, corresponding to the 
size and shape of one or more contiguous renal lobes [2, 5]. 

We have observed five patients with AFBN whose sonographic and CT exami- 
nations varied from the classic appearance. This report describes this variation and 
proposes interstitial hemorrhage within the infected lobes as the cause. We also 
suggest, on the basis of our experience, modifications in performing CT curing 
episodes of acute renal infection. 


Materials and Methods 


The five patients in our series presented over a 4-year period, each with fever and flank 
pain. There were four women and one man; the age range was 17 to 40 years. Each patient 
had leukocytosis with pyuria and hematuria. Bacteriuria was present in four patients and 
absent in one who had been on prophylactic antibiotic therapy for recurrent urinary tract 
infections. Urine culture was negative in the patient with no bacteriuria and positive in three 
(Escherichia coli in two cases, Proteus in one case); urine specimen for culture was lost in 
the remaining patient. One patient had diabetes mellitus, one had a neurogenic bladder, and 
one had Crohn's disease. 

Sonographic examination was performed with a Siemens (Iselin, NJ) static B-scanner (3.5- 
MHz transducer) in one patient and a Technicare (Solon, OH) annular phased array autosector 
(3.5-MHz transducer) in the other four patients. 

CT was performed within 24 hr of sonographic examination in all five patients. One patient 
was imaged with a Pfizer 450 scanner (120 kV, 50 mA, 5 sec) using 9-mm collimation and 
15-mm slice intervals. Four patients were scanned with a GE (Milwaukee, WI) 9800 scanner 
(120 kV, 140 mA, 2 sec) using 5-mm collimation and 5-mm slice intervals. Scans were 
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in upper pole. 





Fig. 1.—A, Longitudinal sonogram of left kidney shows mass in upper pole (straight arrows) containing areas 
of increased echogenicity (curved arrows) (K = normal lower pole of kidney). B, Noncontrast CT shows area of 
increased density in periphery of the mass (arrow). Initial post-IV contrast CT image showed peripheral 
enhancement of mass with less dense center. C, Delayed CT image shows increasing nephrogram in part of 
mass (arrow). D, Renal venogram demonstrates narrowed, irregular, and obstructed veins (arrows), most marked 





Fig. 2.—A, Longitudinal sonogram of right kidney demonstrates wedge- 
shaped area of increased echogenicity in upper pole (arrows) (K = normal lower 
pole of kidney, L = liver). B, Noncontrast CT image shows a focal area of 


obtained in all five cases without IV contrast medium, and additional 
scans were obtained after administration of IV contrast medium in 
three cases. 

Additional studies included °’gallium citrate scintigraphy in one 
patient, and renal arteriography and epinephrine venography in one 
patient, all using standard techniques. 

Follow-up imaging was performed in three patients (Sonography in 
one patient, CT in one patient, and sonography and CT in one patient). 


increased density in right kidney (curved arrow) corresponding to sonographic 
abnormality. C, Postcontrast CT image shows nephrographic defect in same 
area (Curved arrow). 


Results 


Sonography showed a mass in one case and an abnormal 
focal segment of parenchyma in four. In the former, there 
were areas of increased echogenicity within the mass (Fig. 
1A). In the remaining cases the abnormal segment was 
wedge-shaped with increased echogenicity and loss of corti- 
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Fig 3.—A, Transverse sonog-am of right kidney demonstrates wedge- 
shaped segment of increased echogenicity in upper pole laterally (arrows). B, 
Noncontrast narrow-window CT shows slightly increased parenchymal density 


Fig. 4.—A, Longitudinal sonogram of right kidney shows 
wedge-shaped segment of high-emplitude echoes (curved 
arrows) in upper pole (L = liver). B, Noncontrast CT image 
shows low-density wedge-shaped segment in correspond- 
ing area of kidney (small arrows) which contains focus of 
increased density (curved arrow). 


comedullary definition (Figs. 2A, 3A, and 4A). There was no 
evidence of liquefaction in any Case. 

CT images without IV contrast medium showed a focal 
area of increased parenchymal density in the kidney in three 
patients (Figs. 1B, 2B, anc 3B). Another patient had areas of 
high and low density (Fig. 4B), and the remaining patient had 
an area of low density alone. The area of abnormal density 
demonstrated by CT corresponded to the sonographic ab- 
normality in each case. Three patients had CT images after 
administration of IV contrast medium, and each had a nephro- 
graphic defect in the abnormal area of kidney (Figs. 2C and 
3C). Additional defects in the nephrogram were present in 
one of these patients. Deleyed post-|V-contrast images were 
obtained in the patient wita a mass, and an increasing neph- 
rogram in portions of the abnormal parenchyma was observed 
(Fig. 1C). Renal arteriography in this patient showed normal 
vessels within the mass and no neovascularity or encase- 
ment. Epinephrine venography, however, showed irregularity, 
narrowing, and obstructian of veins throughout the kidney, 
most marked in the upper pole (Fig. 1D). There was no 
evidence of nephrolithiasis in any patient. 

Gallium scintigraphy showed an area of increased radio- 
nuclide activity corresponding to the focal renal abnormality 
in the patient who had a negative urine culture. 

All patients were treatec with appropriate IV antibiotics and 
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in lateral aspect of upper pole (arrows). C, Postcontrast CT image shows a 
nephrographic defect in same location (arrows). 





had a rapid and complete clinical response. A repeat sono- 
gram 4 months later in one case showed slight volume loss 
and increased echoes in the area of previous infection, con- 
sistent with postinflammatory scarring [6]. Repeat CT 3 
months later in the patient with low density alone on the initial 
CT, was normal. Four years later, follow-up sonography and 
CT in the patient with a mass was normal. 


Discussion 


The patients in our series had focal renal infection. The 
sonographic and CT appearance in each case, however, 
differed from most descriptions. We attribute this difference 
to the presence of parenchymal hemorrhage. 

Several reports have described the sonographic appear- 
ance of AFBN [2-5, 7-9]. In the majority of cases the involved 
segment of kidney was hypoechoic with poorly defined mar- 
gins, absence of corticomedullary definition, and without en- 
hanced through transmission. Two reports have described 
hyperechoic parenchymal masses [3, 4] but proposed no 
explanation for this finding. 

The typical CT appearance of AFBN is a mass with the 
same [3, 10] or slightly decreased density on noncontrast 
images [3]. Focally diminished contrast enhancement on post- 
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Fig. 5.—Gross specimen of right kidney demonstrating 
hemorrhagic acute focal bacterial nephritis. Nephrectomy 
was performed at another institution because of suspicion 
of tumor on excretory urography. Specimen shows wedge- 
shaped area of parenchymal hemorrhage (large arrows) 
within large upper pole mass associated with multiple 
smaller foci of hemorrhage elsewhere (small arrows). Re- 
printed with permission from [2]. 


contrast images has been described in most reports [3, 5, 7, 
8, 10-12]. The mass is often wedge-shaped [5, 10, 11], with 
poorly defined margins [3, 8]. A striated appearance within 
the wedge-shaped mass has also been described [5, 11, 
12]. Absence of a definable wall is characteristic and helps to 
differentiate AFBN from abscess [3]. Multiple nephrographic 
defects on CT after contrast administration have also been 
reported [8]. 

Sonographically, each of our cases presented as an echo- 
genic focus. In four cases sonography showed a wedge- 
shaped area of increased echogenicity. In the fifth case, there 
was a mass containing small foci of increased echoes. The 
diagnosis of focal hemorrhagic pyelonephritis was established 
by the clinical history, CT correlation, and absence of char- 
acteristic sonographic findings seen in other echogenic foci. 
Specifically, abscesses can be echogenic but often have 
enhanced through transmission and a refractive shadow at 
the junction of the abscess and soft tissue [13]. The absence 
of both of these findings suggests that the lesion is not 
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composed of liquefied material. When gas is responsible for 
the echogenicity, a shadow with internal echoes (“dirty” 
shadow) is characteristically seen [14]. 

The precontrast CT Study demonstrated an area of high 
density in the renal parenchyma in three ef our patients. In 
the absence of calcification, the most likely explanation is 
acute hemorrhage within the interstitium of the inflamed renal 
lobes, which we have seen on pathologic section (Fig. 5). In 
one patient with a follow-up CT scan, the high-density area 
disappeared, Supporting our theory of acute hemorrhage. In 
two cases, noncontrast CT images showed a low-density, 
wedge-shaped area in the renal parenchyma. An area of 
increased density was present within the low-density segment 
in one case. We suggest that the decreased density may 
represent nonacute parenchymal hemorrhage. The combina- 
tion of high and low density, we believe, reflected acute and 
nonacute hemorrhage, respectively. 

In one of our cases. multiple nephrographic defects were 
present on the postcontrast CT images while sonography 
showed only one focal lesion. Such disparity between these 
two techniques has been previously reported [8]. However, 
the solitary sonographic lesion in this case corresponded with 
the only area on noncontrast CT images showing high density. 

AFBN can produce irregularity, narrowing, and obstruction 
of both small and large veins within the inflamed renal par- 
enchyma on epinephrine venography [2]. One patient in our 
series who was studied with venography had these changes. 
This same patient on post-IV-contrast CT images had seg- 
ments of parenchyma with delayed enhancement within the 
corresponding area of infection. The increasing nephrographic 
density could result from venous obstruction. Noncontrast 
CT images showed focal increased density in the same ab- 
normal segment, which, we believe, reflected acute hemor- 
rhage. We suggest, therefore, that parenchymal hemorrhage 
and hematuria may result from venous abnormalities and 
obstruction. In addition, the delayed enhancement in the 
abnormal segment demonstrates that the nephrographic de- 
fect on the early post-IV-contrast images consisted of solid 
functioning parenchyma and not liquefied material. 

In patients undergoing sonographic examination for evalu- 
ation of acute urinary tract infection, the finding of a mass or 
wedge-shaped echogenic focus, without Signs of liquefaction, 
should suggest the possibility of hemorrhagic focal bacterial 
nephritis. 

In patients who are being evaluated with CT for possible 
renal infection, we recommend that precontrast CT studies 
be performed. This gives a baseline density and allows rec- 
ognition of hemorrhagic pyelonephritis by its high density 
compared with the normal renal parenchyma. The standard 
immediate postcontrast CT scans will identify abscesses and 
other masses to best advantage. Delayed CT scans may be 
of value if delayed enhancement of the renal parenchyma is 
demonstrated, because they may confirm the presence of 
solid functioning renal parenchyma and exclude liquefaction 
and neoplasm. On the basis of our experience, we believe a 
specific diagnosis of hemorrhagic focal bacterial nephritis can 
be made in almost all cases. 
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Samuel S. Steinberg 


Dr. Samuel S. Steinberg, a prominent radiologist in Los 
Angeles, died on January 16, 1985. He was born in Louisville, 
KY, where he graduated from the University of Louisville 
School of Medicine with honors in 1930. While he was com- 
pleting his internship and residency in internal medicine at the 
University of Michigan he became fascinated with radiology. 
He spent the next 3 years in the Department of Radiology at 
the University of lowa under the direction of Dr. Dabney Kerr. 
Dr. Kerr remembers Dr. Steinberg as “a modest, erudite 
gentleman with deep sincere interest in his specialty that is 
Cloaked with complete understanding of the needs of his 
patients, regardless of race, color, religion, or socio-monetary 
Class.” 

In 1935 Dr. Steinberg and his wife Sylvia moved to Butte, 
MT where he pioneered the practice of radiology as the first 
Board Certified Radiologist in that state. 

After distinguished service in the Army Medical Corps in 
the Philippines and Tokyo during World War II Dr. Steinberg 
and his family moved to Los Angeles where he continued his 
many accomplishments and contributions in his chosen field. 
He founded and supported the Department of Nuclear Medi- 
cine at the Brotman Memorial Hospital in Los Angeles and 
the Departments of Radiologic and Nuclear Technologies at 
the Los Angeles City College, which greatly improved the 
training of X-ray technicians and other allied health workers. 

Dr. Steinberg contributed to many national and international 
Conferences and Seminars and published widely in medical 
journals. He was a member of many societies, including Alpha 
Omega Alpha, American Roentgen Ray Society, American 
College of Nuclear Medicine, and the American College of 
Nuclear Physicians. He was a Diplomate of the American 
Board of Radiology and the Pan-American Medical Associa- 


Memorial 








tion Section of Radiology. He was the recipient of numerous 
awards and honors. 

Dr. Steinberg leaves his wife Sylvia, their daughter, Joy, 
and three sons, Robert, William, and Bruce. He also leaves a 
legacy of brilliance, humor, and integrity. He will be greatly 
missed by his family, friends, and colleagues. 
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Staging of Bladder 
Carcinoma: MRI-CT-Surgical 


Correlation 





Eleven patients with transitional cell carcinoma of the bladder were examined with 
spin-echo MRI using a superconductive magnet operating at a field strength of 0.35 T. 
MRI results were compared with the CT findings in 10 of the patients. All subjects later 
underwent radical cystectomy including pelvic lymph-node dissection. MRI accuracy for 
staging was 64% using the TNM classification and 73% by the Jewett-Strong-Marshall 
system while CT accuracy was 40%. MRI provided improved demonstration of tumor 
invasion of perivesical fat planes, prostate, and seminal vesicles anc greater anatomic 
detail was afforded by direct sagittal and coronal views. 


Recent investigations [1-4] have reported encouraging results in the examination 
of the urinary bladder by MRI, particularly in the detection of bladder carcinoma. 
However, there are scant data with rigorous surgical-pathologic correlation. Until 
now, CT has been the single most accurate imaging technique for staging bladder 
carcinoma [5-14]. In this prospective study of patients with bladder carcinoma, we 
compared radiologic results using MRI and CT scanning to surgical-pathologic data 
obtained at radical cystectomy. 


Materials and Methods 


Eleven men with transitional cell carcinoma of the bladder, who on the basis of previous 
clinical and radiologic evaluation were candidates for radical cystectomy, were entered in the 
study. Two additional patients in whom CT and MRI disclosed gross pelvic adenopathy were 
excluded since they were no longer surgical candidates. The patients ranged in age from 56 
to 74 years (mean age, 63). All patients underwent radical cystectomy consisting of complete 
removal of the bladder, prostate, and seminal vesicles as well as bilateral pelvic lymph-node 
dissection. Ten patients had CT of the abdomen and pelvis before surgery with the studies 
obtained on third-generation CT scanners. Scans were obtained using a 10-mm slice thickness 
at 10-mm intervals. IV and oral contrast media were used in all cases. In six patients, scans 
of the pelvis were also obtained before administration of IV urographic contrast material. 
Eleven patients had preoperative MRI of the lower abdomen and pelvis after informed consent 
was obtained. In most cases the two studies were obtained within 72 hr of each other. All 
MRI studies were obtained using the spin-echo technique on a Diasonics superconductive 
magnet (Fischer Imaging, Denver, CO) operating at a field strength of 0.35 T. The slice 
thickness was 7 mm with a 3-mm gap between slices. Pulse repetition times (TR) were 500, 
1000, 1500, and 2000 msec. Echo delay times (TE) of 28 an 56 msec were used. Patients 
were asked to refrain from voiding for the 45 min before MRI studies in an effort to distend 
the bladder with urine. Both CT and MRI studies were reviewed independently by two 
observers and a consensus was reached. Surgical-pathologic correlation was obtained from 
careful review of operative notes and pathologic reports from the radical cystectomies, which 
were usually performed within 1 week after the imaging studies. 

The results of pathologic staging were graded according to Jewett-Strong-Marshall clas- 
sification (Table 1) [15, 16] as well as according to the TNM system (Table 2) [17]. Some of 
the key features of the Jewett-Strong-Marshall system are (1) differentiation between the 
presence of tumor infiltration of superficial muscle (Stage B1) vs deep muscle of the bladder 
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TABLE 1: Staging of Bladder Cancer (Jewett-Strong-Marshall 
System)? 
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Stage Tumor Description 

0 Confined to mucosa 

A Infiltration of submucosa 

B1 Infiltration of superficial muscle 

B2 Infiltration of deep muscle 

C Perivesical infiltration 

D1 Involvement of adjacent or- 
gans and pelvic lymph 
nodes 

D2 Distant metastases or nodes 


above aortic bifurcation 


* See Jewett and Strong [15] and Marshall [16]. 


TABLE 2: TNM Classification of Bladder Carcinoma 
(Abbreviated)° 


C 


Tis Carcinoma in situ 

Ta Papillary, noninvasive carci- 
noma 

T1 Lamina propria infiltration 

T2 Extension to superficial muscle 
layer 

T3A Extension to deep muscle 
layer 

T3B Infiltration through bladder wall 

T4A Invasion of neighboring struc- 
tures (prostate, uterus, or 
vagina) 

T4B Invasion of the pelvic or ab- 
dominal wall 

NO No regional lymph node me- 
tastases 

N1 One homolateral solitary re- 


gional (internal or external il- 
iac) lymph node metastasis 


N2 Contralateral or bilateral or 
multiple regional lymph node 
metastases 

N3 Fixed regional lymph node me- 
tastases 

N4 Juxtaregional (common iliac, 


inguinal, or aortic) lymph 
node metastases 


MO No (Known) distant metas- 
tases 
M1 Distant metastases present 


* See American Joint Committee for Cancer Staging and End-Results Reporting [17]. 


(Stage B2); (2) presence of local extension of tumor outside the 
bladder either into the perivesical fat (Stage C) or involvement of 
adjacent organs and pelvic lymph nodes (Stage D1); and (3) presence 
of distant metastases (Stage D2). 

Focal thickening and flattening of the rounded contour of the 
bladder wall were considered results of neoplastic infiltration of deep 
muscle (Stage B2/T3A). Increased density at CT and low signal 
intensity at MRI in the high-intensity perivesical fatty tissue adjacent 
to an area of abnormal thickening of bladder wall were considered 
diagnostic of neoplastic infiltration into the perivesical fat (Stage C/ 
T3A). When this abnormality was continuous with adjacent pelvic 
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TABLE 3: Results of CT, MRI, and Surgical Staging (Jewett- 
Strong-Marshall System) in 11 Patients Undergoing Radical 
Cystectomy for Bladder Carcinoma 


Case No. CT Stage MRI Stage Surgical Stage 
1 C C C 
2 B2 D1 D1 
3 D1 B2 B2 
4 D1 D1 B1 
5 B2 B2 B1 
6 C C C 
7 D1 C C 
8 C C C 
9 B2 B2 B2 

10 — D1 D1 
11 B2 B2 B1 


Note.—See Jewett and Strong [15] and Marshall [16]. Dash indicates no CT staging. 


TABLE 4: Results of CT, MRI, and Surgical Staging (TNM 
Classification) in 11 Patients Undergoing Radical Cystectomy for 
Bladder Carcinoma 


Case No. CT Stage MRI Stage Surgical Stage 
1 T3B T3B T3B 
2 T3A T4A T4A N1 MO 
3 T4A T3A TSA 
4 T4A T4A T2 
5 T3A T3A T2 
6 T3B T3B T3B 
7 T4A T3B T3B 
8 T3B T3B T3B 
9 T3A T3A T3A 
10 — T4A N2 MO T4A N2 MO 
11 T3B T3B T2 


Note.—All patients were staged as NO MO unless otherwise Stated. See Table 2 for 
descriptions of stages. Dash indicates no CT Staging. 


organs (prostate, seminal vesicles), it was thought to indicate a T4A 
or D1 lesion. For evaluation of pelvic adenopathy, nodes larger than 
1.5 cm in size were considered abnormal for both techniques. 


Results 


Detailed results of radiologic—surgical pathologic correlation 
are presented in Tables 3 and 4. All tumors were identified 
by both techniques; however, in three of the patients, the 
lesions at the bladder base and dome were better evaluated 
using MRI (Fig. 1). 

Both CT and MRI were unable to differentiate superficial 
(B1/T2) from deep-muscle invasion (B2/T3A). Thus the three 
patients with stage-B1 lesions were overstaged by the two 
imaging techniques (Fig. 1). All four patients with perivesical 
fat invasion (Stage C/T3B) were correctly Staged by MRI (Fig. 
2). CT was correct in three of these four patients. In the 
remaining one, invasion of seminal vesicles (Stage D1/T4A) 
was falsely diagnosed at CT, so the lesion was overstaged 
by this technique. Regarding extension of the tumor into the 
seminal vesicles, MRI was true-negative in 10 patients and 
false-positive in one. Of 10 patients studied with CT, this 
imaging technique was true-negative in seven and false- 
positive in three (Fig. 3). 
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Fig. 1—Case 5—A, Axial CT scan through region of bladder dome. Tumor 
is poorly seen (lower CT scans dic show lesion). B, Coronal MRI SE 1000/28. 
Tumor in bladder dome is well outlined (arrow). On both CT and MRI, lesion 
appeared to involve entire thickness of wall (Stage B2 or T3A). C, Gross 


Fig. 2.—Case 8—A, MRI SE £00/28. 
Irregular thickening of left lateral and pos- 
terior blader wall with evidence o` tumor 
extension into perivesical fat (arrcw). No 
direct invasion of seminal vesicle is noted. 
B, MRI SE 1500/28. Slightly different ap- 
pearance of tumor infiltrating and breach- 
ing bladder wall. Similar findings were 
present ai CT; Stage C (T3B NO MO) 
proven at surgery. 


For evaluation of prostate involvement, both CT and MRI 
were true-negative in nine patients. MRI correctly identified 
both patients with pathologically proven prostate invasion 
(Fig. 4). CT was false-negative in one of them and was not 
obtained in the other. 

Only two of the 11 patients in our series had histopathologic 
evidence of metastatic disease in the pelvic lymph nodes at 
lymphadenectomy. Neither CT nor MRI detected microscopic 
tumor eeposits in one normal-sized pelvic node. In the other 
patient with positive nodes, MRI demonstrated adenopathy 
but CT was not obtained. 

In the overall group and using the more detailed TNM 
classification, the percent accuracy of MRI and CT was seven 
(64%) ef eleven and 4 (49%) of 10, respectively. MRI over- 
staged three patients and understaged one patient. CT ov- 
erstaged five patients and understaged one patient. Using the 
Jewettsystem, case 2 wculd have been also correctly staged 
as D1 for a percent accuracy of MRI of 73%. 

Of the 11 patients, onlv three had received radiation ther- 
apy, which had been delivered 2, 3, and 9 years, respectively, 


specimen shows exophytic lesion arising from dome and posterior wall of 
bladder: however, at histologic exam, transitional cell carcinoma only involved 
superficial muscle layer (Stage B1 or T2). 





before cystectomy. In one patient with marked radiation fibro- 
sis in the prevesical space, these changes were impossible 
to differentiate from direct tumor extension with both CT and 
MRI. 


Discussion 


The most important factors in the survival of the patient 
with bladder cancer are the histologic grade and the stage of 
the tumor at the time of diagnosis [18]. Conventional clinical 
staging—including bimanual examination under anesthesia, 
urography, cystoscopy, and transurethral resection—are not 
reliable. Most investigators agree that the error of clinical 
staging increases as the tumor becomes more invasive [19- 
21]. Problem areas include determination of deep bladder- 
wall invasion and presence of lymph-node metastases. Al- 
though surgical staging is not perfect because of possible 
errors in lymph-node sampling, we have used the results from 
radical cystectomy with pelvic lymphadenectomy as the gold 
standard for comparison of CT with MRI in staging bladder 
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Fig. 3—Case 3—A, CT scan shows papillary and infiltrating tumor in lateral 
and posterior wall of bladder. Lesion appears to extend posteriorly into seminal 


vesicles near midline with obliteration of intervening fat plane (arrow). B, MRI 


A 


Fig. 4—Case 2—A, Axial MR SE 2000/28. Wide-based sessile mass is 
Seen in posterior inferior bladder wall (arrow). B, Axial MRI SE 2000/28 at level 
of prostate, which shows abnormal Signal within it; similar to bladder tumor 
that is invading gland (arrow). C, Right parasagittal MRI SE 1000/28. Note 


Carcinoma. In a series of 77 patients with transitional cell 
carcinoma in whom CT results were correlated with patho- 
logic staging, Vock et al. [12] found that correct identification 
of tumor stages less than T3A or B2 was extremely difficult. 
In particular, deep muscle invasion could not be accurately 
distinguished from mucosal, submucosal, or superficial mus- 
cle invasion [12]. In our experience MRI suffers the same 
limitation. In the present study, both CT and MRI were highly 
accurate in determining perivesical fat invasion (Stage C/T3B). 
This is not surprising since the presence of abundant perives- 
ical fat provides high inherent contrast for both imaging tech- 
niques. In MRI obtained with short TR/TE times—that is, SE 
900/28 (T1-weighted sequences)—the lower intensity tumor 
was especially well seen against the high intensity signal from 
perivesical fat. For evaluation of seminal vesicle involvement, 
MRI was better than CT because of fewer false-positive 
diagnoses. Since on CT the seminal vesicles are generally of 
soft-tissue density, disease can be diagnosed only by mor- 
phologic alteration and indirectly by obliteration of intervening 
fat planes. This has been previously shown to be a major 


SE 2000/28. Tumor is well depicted by MRI. C, MRI SE 2000/56. Tumor is 
confined to bladder (Stage B2/T 3A). Note bright signal from seminal vesicles 
in a relatively T2-weighted image. 





abnormal MR signal in prostate in continuity with tumor in adjacent bladder 
base (arrow). (Although MRI Stage was D1/T4A NO MQ, surgical stage was 
D1/T4A N1 MO because of microscopic metastases in one normal-size pelvic 
lymph node at histopathologic examination.) 


source of diagnostic error in CT [6] and helps to explain the 
low accuracy of CT in our study. MRI provides better deline- 
ation and contrast of the seminal vesicles and of its internal 
architecture. On T1-weighted images, the seminal vesicles 
are of low signal intensity. However, on T2-weighted se- 
quences (i.e., SE 2000/56), they display quite intense signal 
Owing to the fluid content in these structures (Fig. 3), which 
allows for clear separation from adjacent bladder-wall abnor- 
mality. Thus optimal MRI protocols for bladder Carcinoma 
should include imaging sequences with short and long TR 
intervals. Prostate involvement was slightly better defined 
with MRI than with CT; a CT false-negative was correctly 
diagnosed using MRI. Extension of bladder tumor into the 
prostate or seminal vesicles has been reported in 36 (10%) 
of 348 male patients undergoing cystectomy for bladder 
cancer [22]. Although this is certainly not a high incidence, 
advanced knowledge of this extension may change the sur- 
gical approach. With known prostatic involvement, urethrec- 
tomy should be performed to prevent recurrence in the ure- 
thral stump. Both the superior contrast resolution of MRI and 
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its ability to directly obtain sagittal and coronal views are 
advantages compared to axial CT in evaluating tumor spread 
from the bladder base to the prostate. 

Pelvic adenopathy was well demonstrated by MRI. How- 
ever, in one patient both MRI and CT were unable to identify 
metastatic deposits in a normal-size lymph node, document- 
ing a significant limitation ot both techniques in the staging of 
bladder carcinoma. As prewiously described in the literature, 
at least two MRI imaging sequences—including one with a 
short TR and another with along TR—are needed for optimal 
demonstration of lymph nodes and discrimination from fat 
and muscle, respectively [23, 24]. 

Our results indicate that MRI is highly promising for staging 
of local extravesical tumor extension of bladder carcinoma. 
Because of the small number of patients included in this study 
and the relatively large number of tumor stages, no statisti- 
cally significant differences between CT and MRI can be 
drawn at this time. However, MRI provided improved dem- 
onstration of the seminal vesicles, prostate, and perivesical 
fat planes and better delineation of tumors of the bladder 
base and dome by using direct sagittal and coronal views. 

A significant limitation of both MRI and CT is their inability 
to accurately identify depth of tumor invasion through the 
bladder wall. Technical imorovements, including surface coil 
imaging, may be feasible in the near future and may result in 
more accurate staging. 
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Diagnostic Oncology 
Case Study 





Residual Masses After Successful Chemotherapy for 


Testicular Carcinoma 


Case Report 


A 20-year old man had a swollen right testicle and back pain for 2 
weeks. The testicle was three times its normal size, but no inguinal 
or abdominopelvic adenopathy was palpable on physical examination. 
There was no breast tenderness or enlargement, and all laboratory 
Studies were normal except for a beta human chorionic gonadotropin 
(HCG) level in the serum of 200,000 international units. Chest radi- 
ographs revealed multiple pulmonary nodules, and an abdominal CT 
scan showed enlarged lymph nodes around the great vessels (Figs. 
1A and 1B). A CT scan of the brain was negative. Choriocarcinoma 
was diagnosed after a high inguinal orchiectomy. 

Chemotherapy with cisplatin (P), vinblastin (V), and bleomycin (B) 
was begun immediately, and after three courses, the beta HCG titer 
decreased to 100 international units (Fig. 2). When the titer failed to 
fall further, etoposide (E) was added to the regimen (PVEB) and the 


Fig. 1.—Multiple pulmonary metastases are vis- 
ible on posteroanterior chest radiograph (A). In ad- 
dition, these are large retroperitoneal tumor-bearing 
lymph nodes, which are partially necrotic (B). 





dosage of cisplatin was doubled. The final beta HCG level was less 
than 1 international unit. During and immediately after chemotherapy, 
the patient suffered from peripheral neuropathy, severe leukopenia, 
thrombocytopenia, and weight loss. Pulmonary function tests also 
suggested early bleomycin lung toxicity. 

Six months after diagnosis, the chest radiograph and abdominal 
CT scan showed residual masses in the lungs and retroperitoneal 
nodes, respectively, but the masses were smaller than before (Figs. 
3A and 3B). At this time the patient had recovered from three courses 
of PVB and three subsequent courses of PVEB. He continued to 
have a normal beta HCG titer, and was feeling well. One of several 
remaining lung nodules was excised via a right thoractomy incision 
and showed necrotic tissue only without tumor. However, after a 
retroperitoneal lymph node dissection in which 32 lymph nodes were 
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identified and removed, benign teratoma containing some immature 
neural elements was identified in several of the enlarged nodes. 

At a routine follow-up visit 18 months after the last course of 
chemotherapy, the patient was well and showed no evidence of 
tumor regrowth. The HCG titer was normal. He died from staphylo- 
coccal pneumonia 2 years after completing his treatment; autopsy 
failed to reveal any evidence of tumor. 


Discussion 


For some time it has been recognized that malignant tumors 
can occasionally mature ino benign tissues, particularly in 
younger patients. This sometimes occurs after chemotherapy 
or radiation treatment, but it has also been reported as a 
spontaneous event. Neuroblastomas and testicular germ cell 
tumors, in particular, may mature into ganglioneuromas and 
teratamas, respectively [1]. It is not generally appreciated, 
however, that residual teratoma tissue Can grow locally and 
be lethal by invading abdominal viscera or by “choking” the 
great vessels or heart in the mediastinum. 

Before cisplatin was avai able, the persistence of masses 
in the chest and/or the retroperitoneum on posttreatment 
imaging studies usually indicated residual testicular carcinoma 
that had not been controlled by surgery, radiation, and/or 
chemotherapy. However, with the introduction of cisplatin, 
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Fig. 2.—Beta subunit human chorionic gonadotropin (HCG) titers fell from 
145.000 international units to 100 units after orchiectomy and three courses of 
cisplatin (P), vinblastine (V), and bleomycin (B). Etoposide (E) was then added, 
and after two courses of the four-drug regimen the titer fell to undetectable 
levels. 
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vinblastine, bleomycin, and etoposide, many of the “tumor” 
masses that remain after a response to treatment in this (now) 
highly curable tumor have been found to consist of teratoma 
or tissue necrosis with fibrosis rather than persistent carci- 
noma as in the precisplatin era. The resection of residual 
teratomatous tissue will contribute to an eventual cure and 
will prevent late complications when these masses are situ- 
ated in a critical location. 

Certain prognostic factors are important to evaluate im- 
mediately after testicular cancer diagnosis and during initial 
tumor staging, and these same factors must be considered 
in choosing the appropriate treatment and in following the 
treatment response. The man reported here was character- 
ized at initial staging as a poor-risk patient: his beta HCG titer 
was greater than 10,000 international units, there were more 
than three lung metastases (and some were greater than 2 
cm in diameter), his paraortic metastases were larger than 5 
cm, and the histology was choriocarcinoma. Other poor-risk 
factors to be considered (which were not present in this 
patient) are increased alpha fetoprotein titers, or evidence of 
liver, bone, or brain metastases. 

Recurrences of testicular cancer after initially successful 
chemotherapy are almost always noted within 1 year after 
treatment is stopped and usually connote a poor prognosis. 
The patient reported here is unusual in that his initially re- 
sponsive beta HCG titer began to rise again while he was still 
receiving PVB (Fig. 2), but it subsequently became normal 
with the addition of etoposide to his regimen (PVEB). 

After treatment, pathologic documentation is desirable 
whenever possible for all residual tumor masses, but it is 
usually not practical to achieve such documentation in a 
patient who has multiple bilateral pulmonary nodules [2, 3]. 
In retrospect, the finding of necrosis-fibrosis (only) in a re- 
sected lung nodule may suggest that a thoracotomy was 
unnecessary in this patient, but the resection of persistent 
teratoma in retroperitoneal lymph nodes was essential to 
effect a cure. Imaging studies cannot discern the nature of 
posttreatment masses in the lung, mediastinum, or retroperi- 
toneum: and even if residual cancer is found, it is not always 
in the largest visible mass [4]. At the time of resection for 
residual disease, whether it is a thoracotomy or a laparotomy, 
patients should first be shown to have normal beta HCG titers 
[5]. If the titers of beta HCG or alpha fetoprotein remain 
elevated, residual testicular carcinoma will always be found if 
a complete pathologic examination is performed. The treat- 
ment for residual masses associated with elevated titers in 


Fig. 3.—6 months after the studies shown in 
Fig. 1, CT scans revealed persistent small deposits 
in both lungs, corresponding to larger metastatic 
tumor masses present (at the same sites) before 
chemotherapy (A). Enlarged retroperitoneal lymph 
nodes were still present (B), but shrinkage was 
evident when compared with studies performed 
before chemotherapy. 
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patients with testicular carcinoma should be second-line (res- 
cue) chemotherapy rather than resection. 

Successful treatment of testicular carcinoma is now 
achieved in most patients and depends on a careful correla- 
tion of physical and pathologic findings, diagnostic imaging 
information, and clinical laboratory data over a period of time, 
with appropriate adjustments in the treatment plan for each 
patient. 
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Transrectal Sonography of 
Benign and Malignant 
Prostatic Lesions 





Using linear-array transrectal prostate sonography, malignant lesions in 43 patients 
and benign lesions in 74 patients were evaluated. Prostate sonography was sensitive 
to textural changes produced by both benign and malignant diseases. However, there 
was considerable overlap in the sonographic appearances of benign and malignant 
lesions, and there were no sonographic features that reliably predicted malignancy. 
Hyperechoic areas were present in 58% of the carcinomas, while 19% were purely 
hypoechoic. Lesions containing hypoechoic foci that were posterior or posterolateral 
had a high incidence of cancer. The results confirm the need to biopsy all suspicious 
palpable lesions of the prostate. 


Transrectal prostatic sonography has been shown to be sensitive to textural 
changes produced by both benign and malignant disease, but no sonographic 
feature or features within the gland has been found to be accurate in predicting 
cancer [1-7]. Most reports characterizing prostate lesions by transrectal sonogra- 
phy are based on transverse images of the prostate obtained with a radial scanner 
(1, 5-7]. As yet, there have been only a few reports of sonographic features using 
a linear array probe [2-4]. In addition, as previously noted by Rifkin et al. [2], most 
studies have assumed the sonographically abnormal area to be the histologically 
abnormal area, without direct evidence that the biopsied area actually corresponded 
to the abnormal region identified by sonography. 

Rifkin et al., using a real-time linear array probe, obtained direct sonographic- 
histologic correlation by performing prostate biopsies using sonographic guidance 
or by correlating images with results of prostatic resection [2]. In their study they 
noted a moderate degree of overlap between the sonographic features of benign 
and malignant disease. However, the authors reported certain features to be highly 
suggestive of benign disease, including (1) purely hypoechoic areas; (2) hyperechoic 
foci that are more echoic than the capsule and greater than 4 mm thick; and (3) 
foci with shadowing. Twenty cancers were hyperechoic; the other six had mixed 
echogenicity. 

The purpose of this report is to describe and illustrate the findings in 117 patients 
who had sonographic-pathlogic correlation of prostatic lesions. 


Materials and Methods 


Between January 1984 and August 1985, 117 prostate sonograms were performed on 
patients in whom histologic correlation was subsequently obtained, either by sonographically 
guided transperineal biopsy (101 patients) or transurethral prostatectomy (16 patients). Of 
the 117 patients, 43 had a histologic diagnosis of adenocarcinoma. The remaining 74 had 
benign disease, predominantly benign prostatic hyperplasia (BPH). Twelve of the cancer 
patients subsequently underwent radical prostatectomy. Six additional patients had pelvic 
lymphadenectomy without prostatectomy, five of whom had positive lymph nodes; one other 
patient was discovered to have periprostatic invasion at operation. Overall, three patients 
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were found to be stage A; 18 patients, Stage B; nine patients, stage 
C; and 13 patients, stage D. 

Sonography was performed using a Toshiba 505S 5-MHz, longi- 
tudinally oriented, linear-array transrectal probe designed for use with 
the Toshiba SAL32A linear-array unit (Tustin, CA). Scanning tech- 
nique was similar to that previously described [2, 3]. After a digital 
rectal examination was performed to identify the location of any 
palpable lesions, the probe was inserted and the entire prostate gland 
imaged by first identifying the anatomic midline, as evidenced by the 
presence of the prostatic urethra, then rotating the probe clockwise 
and counterclockwise to image the lateral lobes. Representative 
freeze-frame images from midline and at 5° to 10° increments laterally 
were recorded on Polaroid® 667 film (Cambridge, MA). We preferred, 
but did not always require, that the patient be scanned with a full 
bladder. One hundred and one patients had sonographically guided 
transperineal biopsy of the prostate performed with a 16-gauge 
Trucut biopsy needle (Travenol, Morrow, GA). 

The area of the biopsy or transurethral resection of the prostate 
was correlated with the histologic diagnosis of either malignancy or 
benignancy and the lesion was characterized with regard to the 
following sonographic features: (1) echogenicity, (2) definition of the 
margins, (3) textural homogeneity, (4) presence or absence of a thin 
hypoechoic rim or “halo” around the abnormal focus, (5) presence of 
dilated glands or cysts and (6) presence of prostatic calculi. Echo- 
genicity was estimated relative to normal, which was generally the 
predominant echogenicity of the peripheral zone of the prostate gland. 
Isoechoic lesions could be identified either by a surrounding thin 
hypoechoic rim or “halo,” surrounding hyper- or hypo-echogenicity, 
diffuse enlargement, or focal asymmetry. One hundred and three 
different benign sites were analyzed in the 74 patients with benign 
disease, and only the malignant site was analyzed in the 43 patients 
with malignancy. No attempt was made to prospectively predict the 
presence or absence of cancer. 

In order to obtain direct sonographic-pathologic correlation, spec- 
imen sonograms were performed on six consecutive radical prosta- 
tectomy specimens containing cancer. Specimens were immersed in 
Saline and scanned with a 7.5-MHz real-time sector probe (Diasonics 
400 DRF, Milpitas, CA), and images were recorded on a multiformat 
camera. The specimens were imaged in both transverse and longi- 
tudinal planes. The prostate gland was systematically sectioned for 
comparison with the images so as to map out the exact extent of the 
cancer. 


Results 


This prostate gland in all of the patients had some alteration 
from normal homogeneous, low-level echogenicity [2]. 

Table 1 summarizes the sonographic features for the le- 
sions. There was considerable overlap of sonographic char- 
acteristics of benign and malignant lesions. Mixed echogen- 
icity, which could be almost any combination of hyper-, 
hypo-, and iso-echogenicity, was the most common pattern 
in cancer (65%), but represented only 28% of the benign 
conditions. This is indirectly reflected in the greater homo- 
geneity seen in BPH lesions. Hyperechogenicity was present 
in 55% of benign lesions and 58% of malignant lesions when 
considering the components of the mixed lesions. However, 
hypoechogenicity was much less frequent in benign disease 
(24%) than in malignant disease (58%). There was also a 
notable difference in the location of the hypoechoic lesions 
between the benign and malignant groups. In the cancer 
group, most (58%) were posterior or posterolateral, with the 


TABLE 1: Sonographic Features in the Benign and Malignant 
Groups 
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Benign Malignant 
Characteristic (N = 125) (N = 43) 
No. of sites (%) No. of sites (%) 
Echogenicity 
Hyperechoic 38 (30) [55]? 5 (12) [58]? 
Isoechoic 40 (32) [56] 2 (5) [51] 
Hypoechoic 11 (8) [24] 8 (19) [58] 
Mixed 36 (28) 28 (65) 
Hyper/Hypo/Iso 7 (6) 1 (2) 
Hyper/Iso 17 (14) 11 (25) 
Hyper/Hypo 6 (5) 8 (19) 
Hypo/Iso 6 (5) 8 (19) 
Margin 
Well defined 81 (65) 9 (22) 
Poorly defined 43 (35) 34 (78) 
Homogeneity 
Homogeneous 89 (71) 15.(35) 
Inhomogeneous 36 (29) 28 (65) 
Halo 19 (14) 3 (7) 
Dilated glands or cysts 11 (8)° 4 (9) 
Calculi 
Echogenic foci (4 mm and 24 (32)? 16 (37) 
with shadowing) 15 (20)° 9 (21) 


a The percentage in brackets is obtained by adding the components of the mixed 
echogenicity lesions. For example, 30% of the benign lesions are essentially purely hyper- 
echoic whereas 55% contain hyperechogenicity. 

> Percentage is relative to 74 rather than 125. 


rest (42%) being anterosuperior. Only 18% of the hypoechoic 
lesions in the benign group were posterior or posterolateral. 

Overall, lesion margins were definable in 65% of the benign 
group, whereas only 22% were definable in the malignant 
group. 

The margin of the lesion within the gland was analyzed. 
The best definition of a lesion was obtained in nodules sur- 
rounded by a thin hypoechoic rim or “halo”; however, this 
was seen in only a minority of the lesions. Margins of a lesion, 
when definable, were usually delineated by a change in ech- 
ogenicity. Decisions concerning the extent of a lesion were 
subjective and varied significantly from one observer to an- 
other. 

To a large extent, the homogeneity of a lesion paralleled 
the delineation of a lesion; the more inhomogeneous, the 
more indistinct were the margins. Eighty-nine percent of 
benign lesions were homogeneous, whereas only 20% of 
malignant lesions were homogeneous. 

A thin hypoechoic rim or “halo,” a feature not previously 
described in prostate nodules, was observed in 19 of the 
benign nodules. To be considered a halo, the rim had to be 
completely circumferential (Fig. 1). Three malignant nodules 
were encountered with what could be considered a halo, 
although one had a much thicker rim than that typical of those 
encountered in benign lesions. 

Dilated prostatic glands or cysts are frequently seen micro- 
scopically. On sonography, these were identified in 12 of the 
74 patients with benign disease and in four of the 43 patients 
with cancer. Even in the glands with cancer, the dilated glands 
were in benign areas; however, one cyst was definitely within 
a malignant focus and contained bloody fluid. 

Punctate, brightly echogenic foci, presumably correspond- 
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Fig. 1.—Sonogram showing thin hypoechoic rim or “halo” (arrows) surround- 
ing slightly hyperechoic BPH nodule. Sagittal plane. SP = symphisis pubis, SV 
= seminal vesicle. 


ing to corpora amylacea deposits or areas of calcification, 
were frequently seen in both benign and malignant lesions. 
We specifically analyzed for the presence or absence of thick 
(>4 mm), brightly echogeniz (equal to or greater than the 
surrounding periprostatic tissue) foci with and without shad- 
owing. In the cancer group, only those foci within or in close 
proximity to the cancer were included (Fig. 2). Because of the 
frequent difficulty in defining the extent of the cancer, it was 
often diffieult to ascertain whather the foci were actually within 
or just adjacent to the cancer. Sixteen (37%) glands in the 
cancer greup had thick, brightly echogenic foci, nine of which 
had shadowing. Twenty-four (32%) were identified in the 
benign greup, 15 of which had shadowing. The foci may well 
be due to benign material, but they are certainly not an 
indicationthat the adjacent or surrounding glandular tissue is 
benign. 


Beniga Prostatic Hyperplasie (BPH) 


Typically in hyperplasia there was symmetric enlargement 
of the gland and the gland essumed a more rounded config- 
uration than normal. In the majority of cases, discrete nodules 
could be identified, some with a “nodule within a nodule” 
appearance. Nodule echogenicity was most frequently hyper- 
echoic or isoechoic and was least often hypoechoic. Inhom- 
ogeneous nodules were not uncommon. Distinction between 
the hyperplastic central peviurethral glands and the com- 
pressed peripheral glands was often possible. The peripheral 
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Fig. 2.—Sonogram showing thick, echogenic focus 
(open arrows) with shadowing possibly due to calcification. 
Surrounding hypoechoic area (closed arrows) was cancer. 
Sagittal plane. SP = symphisis pubis, B = bladder. 


zone usually had lower echogenicity relative to the centrally 
located BPH, but some also have greater echogenicity (Fig. 
3). Prostatic calculi, identified as bright echogenic foci that 
were either solitary or clustered, were frequent. These were 
located anywhere within the gland, but were uncommon in 
the posterior peripheral gland. They were usually located in 
two areas: (1) arranged in an arc or ring around BPH nodules, 
usually between the central and peripheral gland, and (2) 
periurethral. Prostate margins were generally smooth. 


Carcinoma 


BPH frequently coexisted with cancer; thus the size of the 
gland ranged from small to markedly enlarged. Most cancers 
(72%) were located posteriorly or posterolaterally. Diffuse 
cancers (21%) usually had a significant posterior component. 
The remaining cancers were anterosuperior. Cancer foci most 
often had mixed echogenicity, frequently with a significant 
hypoechoic component (Fig. 4). When the hypoechoic com- 
ponent of a lesion was within the peripheral zone of the gland 
(posterior or lateral), it was highly suggestive of cancer. Purely 
hypoechoic lesions were not uncommon and, when posterior 
or posterolateral, were highly suggestive of cancer. Asym- 
metry of the gland was usually not apparent with the linear 
array probe, but was helpful when identified. Prostatic calculi 
were as frequent in the gland with cancer as in those with 
benign disease. 


In Vitro Study of Prostatic Carcinomas 


Pathologic analysis of the six prostatectomy specimens 
demonstrated good correlation between the location of the 
bulk of the tumor in the specimen with the abnormality on the 
sonogram. Pathologically, the tumor was usually slightly more 
extensive than predicted by sonography because of micro- 
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Fig. 3.—Sonograms showing BPH, all in sagittal plane. SP = symphisis 
pubis, SV = seminal vesicle. A, Well-defined, fairly homogeneous, hyperechoic 
nodule (arrows). B, Central BPH (dashed line). Lesion is composed of multiple 
nodules that are both hyperechoic and have a nodule-within-a-nodule appear- 
ance. Dilated glands are evident at the superior margin (arrowheads). Peripheral 


“a 


j! WI n i ty IHW i 
hi p wda 
IA 


-ee 


thin 


I) yoni 
HM i tn 


Ihi r 
Nill SV 


Hi 


"i Hi 
it, a ee 


RECTUM 





Fig. 4.—Carcinoma with mixed echogenicity. Lesion is posterior. There is a 
hyperechoic area (closed arrows) within a large hypoechoic area (open arrows). 
Exact extent of cancer is difficult to define. SP = symphisis pubis, B = bladder. 


scopic infiltration at the periphery. All of the cancers within 
the six specimens had a hypoechoic area on both the in vivo 
sonogram (5 MHz) and the in vitro sonogram (7.5 MHz) (Fig. 
5). This finding suggests that it is unlikely that faulty gain 
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zone (straight arrows) has slightly greater echogenicity than adjacent central 
BPH. C, Homogeneous central BPH. Peripheral zone is slightly less echogenic. 
Small echogenic foci are present (arrowheads), presumably caused by corpora 
amylacea. 


compensation or recording medium accounted for the hypo- 
echoic appearance of these carcinomas observed in vivo. 


Discussion 


Our results expand the spectrum of sonographic appear- 
ances of carcinoma beyond those described by Rifkin et al., 
who reported no hypoechoic cancers and indicated thick, 
brightly echogenic foci and shadowing to be highly suggestive 
of benignancy [2]. In our series, hypoechogenicity was a 
frequent finding in cancer (58%). If a hypoechoic lesion was 
posterior or posterolateral in the peripheral zone, the most 
common site for cancer to develop, it was highly suggestive 
of cancer [8], but if it was elsewhere, such as central, it was 
more likely to represent benign disease. Purely hypoechoic 
cancers were not uncommon. Others have-reported hypoech- 
oic cancers, but they used either transabdominal sonography 
or a radial scanner and they lacked direct sonographic histo- 
logic correlation [5, 9]. 

In addition, we found that thick, brightly echogenic foci with 
or without shadowing within or adjacent to a lesion did not 
exclude cancer. Because of the infiltrating nature of prostate 
carcinoma, a Carcinoma may encompass calculi or develop in 
close proximity to calculi. Prostate carcinoma may also pro- 
duce corpora amylacea. 

Our results, using linear-array transducers, indicate consid- 
erable overlap in the sonographic features between benign 
and malignant disease; however, some investigators, using 
radial scanners, have reported a high degree of accuracy. 
Brooman et al. [1] reported 96% overall accuracy, and Harada 
et al. [5] reported 89% overall accuracy. Rifkin, in a compar- 
ison of linear array and radial scanners, found the radial 
scanner to more clearly define asymmetry and capsular ex- 
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Fig. 5.—A, Purely hypoechoic cancer. Sagittal plane. Small tumor is in the 
peripheral zone posteriorly (arrows’. There is central BPH. SP = symphisis 
pubis, SV = seminal vesicle. B, Specimen sonogram of same prostate as in 5A 
but in a transverse orientation using a 7.5-MHz sector probe with a water-path 
offset, scanned from its posterior aspect. Prostate margins are identified by 


tension [10], a finding that is supported by our experience 
with specimen sonograms. Asymmetry in our series was 
easily detected on specimen sonograms performed in the 
transverse plane, but was difficult to discern on longitudinally 
oriented images. 

Although a technique for precise needle placement in the 
prostate for biopsy has been described for radial scanners 
[11], the longitudinal orienta-ion and real-time capability of the 
linear-array probe make it more versatile in biopsy guidance. 
Prostate biopsy guidance is perhaps the most significant role 
of transrectal sonography at its present stage of development 
(10, 12]. 

In summary, although cer-ain sonographic features may be 
more suggestive of benign cr malignant disease, there are no 
specific features for either. Thus biopsy of all suspicious 
palpable lesions of the pros-ate gland is required. 
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CT Scanning of the Foot and Ankle: 1. Normal Anatomy 


Murray A. Solomon,' Louis A. Gilula,? Lawrence M. Oloff, Joan Oloff,* and Terry Compton? 


Computed tomographic (CT) scanning has become well 
established for its value in elucidating information in sites of 
complex anatomy, such as the spine and pelvis. The complex 
interdigitations between tarsal and metatarsal bones and the 
close approximation between these bones and adjacent soft- 
tissue structures (i.e., tendons and their sheaths) provide a 
challenge for diagnostic evaluation that so far can be an- 
swered only by CT. Many anatomic texts have some infor- 
mation about foot and ankle anatomy [1-8], but none supply 
a ready reference to explain ankle and foot anatomy in the 
multiple planes necessary in some cases to answer the pre- 
senting clinical question. In order to Satisfy this need, we 
Studied the correlative anatomy on CT, plain radiography, and 
gross sections in the modified coronal, axial (transverse), and 
Sagittal planes. Clinical applications of CT in the foot and 
ankle are presented in Part 2 [9]. 


Materials and Methods 


Three fresh cadaver specimens of the ankle and foot were obtained 
from the Washington University Department of Anatomy. Each foot 
and ankle was radiographed using standard anteroposterior, lateral, 
and oblique projections for baseline information and to ensure that 
each specimen was grossly normal. Each foot was scanned at 
consecutive 2-mm intervals using a Siemens Somatom DR 3. The 
first foot was scanned in a slightly modified coronal plane with the 
distal tibia and fibula angled about 45° with respect to the foot. This 
corresponds to a plane that can be obtained in most patients by 





placing the plantar aspect of the feet flat on the table. (True coronal 
sections can be obtained by reformatting axial sections into the 
coronal plane.) A second foot was scanned in the transverse (axial) 
plane, which can be obtained normally in live sudjects by placing the 
plantar aspect of the foot vertical or at right angles to the table. A 
third foot was scanned in the Sagittal plane. It is not possible to scan 
most live patients in this plane. Sagittal reformations were also 
obtained from scans performed in the modified coronal plane. 

After CT scanning, each cadaver foot was sectioned into 6- to 7- 
mm-thick sections in the plane in which it had been scanned. Each 
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Fig. 1.—Lateral radiograph indicating approximate levels of coronal sections 
in Figures 2-9 (left to right). 
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Fig. 2.—Coronal plame, posterior process of talus. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 


section was photographed, radographed, and compared with the 
corresponding CT sections for eucidation of anatomic detail. 


Observations 


Seventeen Clinically relevant sections comparing gross and 
radiographic to CT anatomy in three planes will be illustrated. 
Owing to lack of space, radiographs of specimens and CT 
scans at bone window settings will not be included. 


Coronal Plane 


The first series of anatomc sections and CT scans were 
obtained in the coronal plane (Fig. 1). The plantar aspect ofa 
cadaver foot was firmly applied to the CT table. No angulation 
of the gantry was used. Eight clinically relevant sections are 
described below (Figs. 2-9). 

Figure 2 is at the level of the posterior process of the talus. 
The posterior process of the talus or an accessory bone, the 
os trigonum, may be present at this level. There are three 
subtalar facets: anterior, midcle, and posterior. In this section, 
the most posterior part of the posterior facet of the subtalar 
articulation is visible. The percneus brevis and longus tendons 
are immediately inferior to the lateral malleolus. The tibialis 


posterior and the flexor digitorum longus tendons are adjacent 
to the distal tibia. 

Figure 3 is about 1 cm anterior to Figure 2. The posterior 
facet is roughly horizontal in orientation, and it broadens as 
one moves anteriad in the foot. At this level the talus is 
rectangular. 

Figure 4 is about 6 mm anterior to Figure 3. The posterior 
part of the sustentaculum, which is posterior to the middle 
facet of the subtalar articulation, is visible at this level. The 
peroneus brevis tendon is situated above the peroneus longus 
tendon, and both lie near the middle of the calcaneus. Occa- 
sionally, one may be able to identify a small bony projection, 
the peroneal process of the calcaneus, which is situated 
between the two tendons. The plantar muscles are well 
visualized at this level because of surrounding fat. Part of the 
deltoid ligament, which provides medial support, is present 
on this section. 

Figure 5 is less than 5 mm anterior to Figure 4. On this 
section both the middle facet of the subtalar articulation and 
the tarsal sinus are visible. The interosseous talocalcaneal 
ligament, which is present in the tarsal sinus, can occasionally 
be demonstrated with CT. The middle facet is the most 
common site of tarsal coalition, a form of congenital union 
that is at first cartilaginous but can ossify at puberty. The 
deltoid ligament is clearly demonstrated. 
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Fig. 4.—Coronal plane, anterior aspect of posterior subtalar facet. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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Fig. 5—Coronal plane, midd subtalar facet, talocalcaneal ligament. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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Fig. 6.—Coronal plane, anterior aspect of middle subtalar facet. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 


The anterior aspect of the middle facet is demonstrated in calcaneus is narrow and can be fractured with a comminuted 
Figure 6. The tarsal sinus and interosseous talocalcaneal fracture of the calcaneus. 
ligament are again visualized. At this level, the calcaneus has Figure 7, about 1 cm anterior to Figure 6, is at the level of 
only slightly more cross-sectional area than the talus. The the anterior facet of the subtalar articulation. Rarely, this is a 
neck between the sustentaculum tali and the body of the site of tarsal coalition. In this section, the head of the talus 
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Fig. 7.—Coronal plane, anterior subtalar facet. A, Photograph of section. B, CT scan, soft-tissue detail. C. Diagram of section. 
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Fig. 8.—Coronal plane, talonavicular articulation. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 


has an oval configuration, which technically is an elliptical 
paraboloid. 

Figure 8 is about 1.5 cm anterior to Figure 7. The head of 
the talus is situated superiorly, and there is a rim of navicular 
bone beneath the talus. Thus this talonavicular articulation 
has the appearance of “an egg in a cup.” An anterior projection 
of the calcaneus, the anterior process, is visible on this 
section. 


The last coronal section, illustrated in Figure 9, is at the 
level of the sesamoid bones of the first metatarsal. This level 
corresponds to “the ball of the foot,” which is a common site 
of ulceration, soft-tissue infection, and osteomyelitis in dia- 
betes. The tendon of the flexor hallucis longus muscle is 
situated between the medial and lateral sesamoids of the first 
metatarsal. Above each metatarsal is an extensor hood ap- 
paratus. 
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Transverse (Axial) Plane 


Six sections in the axial or transverse plane are described 
here. Figure 10 indicates the level at which each transverse 
section was obtained. 

Figure 11 demonstrates € section of the distal tibia and 
fibula just superior to the malleoli. At this level, the achilles 
tendon has a crescentic or semilunar configuration and is well 
outlined by surrounding fat. The soleus muscle in some cases 
will extend to this level anc can be seen just anterior to the 
Achilles tendon. Anterior to zhe distal tibia, several tendons 
are evident. From medial to laceral, they are the tibalis anterior, 
extensor hallucis longus, extensor digitorum longus, and per- 
oneus tertius tendons. 

The dome of the talus and the medial, lateral, and “poste- 
rior” malleoli are demonstrat2d on the section in Figure 12. 
The “posterior malleolus,” which can be a site of occult 
fracture, is actually the posterior part of the distal tibia. A 
dense band, the posterior tibofibular ligament, joins the pos- 
terior and lateral malleoli. Tne flexor tendons are in close 
proximity to the posterior aspect of the distal tibia. 

The section illustrated in Figure 13 was obtained more than 
2 cm below that in Figure 12 The talus has a rather unusual 
configuration in this projection, and the neck of the talus 
appears relatively narrow. The superior aspect of the posterior 
facet of the subtalar articulation at this level possesses an 
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Fig. 9.—Coronal plane, sesamoids 
of first metatarsa’. A, Photograph of 
section. B, CT scan, soft-tissue detail. 
C, Diagram of section. 


“L” configuration. The talonavicular articulation is well profiled 
in the axial plane, as are the articulations between the three 
cuneiforms and the navicular. 

The middle facet of the subtalar articulation slants about 
45° with respect to the plantar aspect of the foot. The 
posterior part of the middle facet is more superiorly situated 
than its anterior aspect. Because of this 45° orientation, the 
middle articular facet can be well demonstrated on either a 
coronal or transverse section. 

Figure 14 was obtained at the superior aspect of the 
calcaneocuboid articulation. The first three metatarsotarsal 
articulations and part of the plantar calcaneonavicular (spring) 
ligament are demonstrated at this level. 

A final transverse section is portrayed in Figure 15. It is 
inferior to the talus and navicular and profiles the inferior 
aspect of the calcaneocuboid joint. The retrocalcaneal bursa, 
which exists between the posterior aspect of the calcaneus 
and the Achilles tendon, is demonstrated at this level. 


Sagittal Plane 


At present, it is usually not possible to obtain CT sections 
in the true sagittal plane. Although a cadaver foot was 
scanned in the sagittal plane at 2-mm intervals, those images 
will not be used here. Rather, sagittal reformations, which 
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can be generated on most modern CT scanners, will be 
presented. 

In Figure 16 an anatomic section and Sagittal CT reforma- 
tions along the first ray are presented. The sustentaculum tali 
and middle articular facet are clearly demonstrated. The dome 


Fig. 10.—Lateral radiograph indicating approximate levels of transverse 
(axial) CT sections in Figures 11-15 (left to right). 
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of the talus can be evaluated in this plane, as can the following 
articulations: talonavicular, navicular—medial cuneiform, and 
medial cuneiform-first metatarsal. The plantar fascia and 
musculature can be reviewed in their entire extent with Sagittal 
reformations. 

A sagittal reformation through the second ray is illustrated 
in Figure 17. The posterior facet of the subtalar articulation 
and the most lateral aspect of the middle facet are profiled at 
this level. The Achilles tendon inserts along the posterior 
aspect of the calcaneus. The lateral aspect of the talonavicular 
and navicular—middle cuneiform articulations are visualized. 

The final figure, Figure 18, is an anatomic section and 
Sagittal reformation through the third ray of the foot. Part of 
the posterior facet and the calcaneocuboid articulation are 
shown to good advantage. 


Conclusions 


There are now a number of recognized clinical applications 
for CT scanning in the foot and ankle [9]. Proper interpretation 
of these images requires a thorough knowledge of anatomy 
or ready access to such anatomy in the coronal, axial (trans- 
verse), and sagittal planes. In preparation for clincal work, we 
performed correlative studies of CT scans, radiography, and 
anatomic sections of cadaver feet. Clinically relevant CT and 
anatomic sections are presented. Although CT scans at bone 
window settings are not included, we believe it is important 
to always include both bone and soft-tissue window settings 
with foot CT in order not to miss significant pathology. 
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Fig. 11.—Transverse plane, distal tibia and fibula. A, Photograph of section. B, CT scan, soft-tissue detail. C. Diagram of section. 
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Fig. 12.—Transverse plane, posterior malleolus of tibia. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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Fig. 13.—Transverse plane, neck of talus, posterior subtalar facet. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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Fig. 14.—Transverse section, calcaneocuboid articulation. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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Fig. 15.—Transverse section, medial cuneiform-first metatarsal articulation. A, Photograph of section. B, CT scan, soft-tissue detail. C, Diagram of section. 
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plane for reconstructed image C. C, Reconstructed CT section, 


Fig. 16.—Sagittal plane, first rey, sustentaculum tali. A, Photograph of section. B, Transverse 
soft-tissue window. D, Diagram of section. 
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Fig. 17.—Sagittal plane, second ray, posterior subtalar facet. A, Photograph of section. B, Transverse plane for reconstructed image C.C, Reconstructed CT 
section, soft-tissue window. D, Diagram of section. 
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Fig. 18.—Sagittal 


section, soft-tissue window. D, Diagram of section. 
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CT Scanning of the Foot and 
and Review of the Literature 


Ankle: 2. Clinical Applications 


Murray A. Solomon,’ Louis A. Gilula,2 Lawrence M. Oloff,? and Joan Oloff’ 


CT scanning is an innovative method for evaluating bone 
and soft-tissue pathology in the foot and ankle. CT scanning 
in this area can provide unique information not attainable with 
other conventional radiologic techniques [1-8]. 

Individual uses for foot and ankle CT have been published; 
however, an overview of the wide application of CT to the 
foot and ankle has not. We review our own and published 
experience with CT scanning of the foot and ankle and 
illustrate its usefulness in evaluating abnormalities of the 
ankle, talus, subtalar articulation, calcaneus, and soft tissues 
of the foot. 


Materials and Methods 


We reviewed 41 CT scans of the foot and ankle performed on 38 
patients at the Edward Mallinckrodt Institute of Radiology between 
March 1, 1978, and April 1, 1984. Lesions of the distal tibia that did 
not involve the inferior articular surface were excluded from the series. 

Thirty-seven of the 41 scans were obtained after March 1, 1982. 
One case was performed on an EMI 5005 scanner, 14 cases on an 
EMI 7070 scanner, and 26 of the more recent Cases were performed 
on a Siemens DR 3 scanner. The Siemens DR 3 scanner has a pixel 
matrix of 512 x 512. Techniques varied on the earlier cases, but 
most scans obtained on the Siemens DR 3 were contiguous 2-mm- 
thick sections through the region of interest. The use of thin sections 
allowed for high-resolution reformations in other planes. Three scan- 
ning positions were used: supine with the knee flexed and the feet 


placed flat on the scanner table (modified coronal anatomic plane), 
supine with legs extended and the toes directed superiorly (axial 
plane), and prone with a pillow placed under the feet in plantar flexion 
(about a 45° oblique plane). Several cases were examined through 
plaster casts without any apparent image degradation. 


Observations 


Diagnoses from 41 scans in the 38 patients are listed in 
table 1. One patient with tarsal coalition had two preoperative 
scans and one postoperative scan. One patient with nonunion 
of a distal tibial fracture had follow-up CT after bone grafting. 
Lesions of the distal tibia that did not involve the inferior 
articular surface are not included in this series. The following 
representative cases illustrate various applications of CT to 
the foot and ankle. 


Normal Studies 


Seven of the 38 patients examined had a normal Study (see 
“CT Scanning of the Foot and Ankle: 1. Normal Anatomy” in 
this issue [9]). Five of the seven had limited subtalar motion, 
and the request for the Study usually read “rule out tarsal 
coalition.” There are many causes of limited subtalar motion. 
The differential diagnosis includes trauma, arthritis, neoplasm, 
and failure of segmentation of the tarsal bones (tarsal coali- 
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TABLE 1: CT Diagnoses in Foot and Ankle 











; ; No. of 
Diagnosis Patients 
Normal: 
Limited subtalar motion (“rule out tarsal coalition”) 5 
Suspicion of Achilles tendon abnormality 1 
Suspicion of tendon sheath scarring 1 
Ankle: 
Preoperative evaluation of distal tibial fracture 1 
Severe inversion sprain 1 
Trevor disease 1 
Myesitis ossificans 1 
Talus: 
Aseptic necrosis of the dome 1 
Osteochondritis dissecans 1 
Posttraumatic deformity 1 


Subtdlar joint: 
Osseous tarsal coalition 3 
Degenerative osteoarthritis 1 
Improper arthroereisis placement 1 
Correct arthroereisis placement 2 
Migration of methyl methacrylate (Sta-Plug proce- 


dure) 1 

Calcaneus: 

Acute comminuted calcaneal fracture 

Lange calcaneal cyst (post triple arthrodesis) 1 

Old comminuted fracture, degenerative changes 1 
Diabetic foot: 

Soft-tissue infection and osteomyelitis 2 
Soft tissues: 


Tendon sheath scarring 4 

Achilles tendon necrosis 1 

Postsurgical soft-tissue deformity 1 

Malignant schwannoma 1 

No diagnosis made (soft-tissue prominence) 1 
Miscellaneous: 


Osteochondroma of seconc metatarsal base 1 
Club foot 
Total 38 


n 


tion) [10]. Obtaining a normal study, one that excludes tarsal 
coalition, is therefore useful information. 


Ankle (4 patients) 
— Trauma 


Case 1: status of healed distal tibial fracture. —A 26-year- 
old man sustained comminuted fractures of the distal left tibia 
and fibula in a fall from a roof. He was originally treated with 
multiple pin fixation. There was clinical suspicion of nonunion 
of the distal left tibial articular surface 1 year after the injury. 
Plain films demonstrated some healing but could not confirm 
or deny the presence or extent of nonunion of the distal tibia 
(Figs. 1A and 1B). The referring surgeon wanted to graft the 
fracture to create a larger area of bone union at the distal 
tibial articular surface to improve stability in this young person, 
and potentially provide a layer of solid bone surface at the 
ankle for future reconstructive surgery if such surgery proved 
necessary. One CT scan obtained through the distal tibia 
showed one area of union of the fracture fragments (Fig. 1C); 
however, a scan at a slightly more inferior level (Fig. 1D) 
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clearly demonstrated nonunion of the medial and posterior 
malleoli at the level of the talar dome. There was similar 
nonunion proximal to the bone union in Figure 1C. This CT 
scan enabled the surgeon to plan his procedure for bone 
grafting of the nonunited fracture fragments while not break- 
ing down the one area of distal solid bone fusion. 

This case is very similar to one reported in the literature of 
a 37-year-old man who fell from the roof of a trolley car and 
fractured his distal tibia and fibula [11]. 

COMMENT.—Assessment of intraarticular ankle fractures 
with CT has been addressed previously in the radiologic and 
orthopedic literature [1, 7, 11-14]. The many curved bony 
surfaces of the ankle make evaluation of some fractures 
difficult with plain films. Conventional tomography does not 
always supply the needed clarity and spatial orientation. The 
number and size of fracture fragments, the degree of com- 
minution and displacement of fragments, the involvement of 
articular surfaces, the congruence or incongruence of sur- 
faces, and the degree of union or nonunion can often be 
demonstrated to better advantage with CT. CT clearly dem- 
onstrates the relation between the talar dome and the malleoli. 
According to Friedburg et al. [12], who studied 50 patients 
with ankle fractures, “The dimension of destruction of the 
distal tibial surfaces is better documented by CT than by other 
radiologic techniques. Additional information like multifrag- 
mentation of the distal tibia or evaluation of reposition imped- 
iment are found more frequently by CT.” 

Multiple fragments are more clearly visualized with CT than 
with other methods. CT appears to be more accurate in 
determining the number of fragments in triplane fractures of 
the distal tibia [1, 7, 13] and can be used to evaluate ankle 
fracture reposition after manipulation. 

Case 2: soft-tissue ankle injury (“ankle sprain ").—A 31- 
year-old man suffered a severe inversion injury of his right 
ankle while playing tennis. Routine radiographs showed only 
diffuse swelling about the right ankle. For academic interest, 
CT was performed (Fig. 2), that showed soft-tissue swelling 
and increased density overlying the anterior and posterior 
talofibular ligaments, inferring injury to and/or about both of 
these ligaments. 

COMMENT.—SOoft-tissue ankle injuries can be evaluated with 
CT. With the appropriate window and level settings, the 
ligaments about the ankle mortise can be visualized [15]. 


—Neoplasia 


Case 3: anatomic localization of ankle bone mass.—An 8- 
year-old girl with Trevor disease (dysplasia epiphysealis hem- 
imelica) presented with a bony protuberance posterior to the 
left lateral malleolus. She had had an exostosis previously 
resected from the left medial talus interpreted as “consistent 
with osteoma” by a pathologist. Plain films and bone scans in 
multiple projections were obtained (Fig. 3A), but from these 
one could not determine whether the origin of the bony 
protuberance was the tibia, fibula, talus, or soft tisues of the 
ankle. An axial CT scan through the mass (Fig. 3B) showed 
that the bony structure arose from the posteromedia! distal 
left fibula and wrapped around the posterior talus. No asso- 
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Fig. 1.—Case 1: Ankle, preoperative evaluation of old fracture. Anteroposterior (A) and lateral (B) 
radiographs of left ankle demonstrate healed fractures of distal tibia and fibula. Status of bone bridging 
of tibial fragments at its distal articular surface is uncertain. C, CT scan through distal left tibia shows 
union of anterior (A) and posterior (P) fragments of tibia with medial malleolus (M). D, CT scan at level of 
talar dome demonstrates nonunion (arrow) between medial and posterior malleoli of left tibia. 


ciated soft-tissue masses were identified. According to the 
operating orthopedic surgeon, an osteochondroma was veri- 
fied “attached to the distal fibular epiphysis and projected 
posteriorly across the tibia and was also attached to the 
medial malleolus.” A band of fibrous tissue was found inter- 
posed between the tibia and the exostosis. The surgical 
Specimen was interpreted as a periarticular osteochondroma 
compatible with the diagnosis of dysplasia epiphysealis hem- 
imelica. 

COMMENT.—Cross-sectional images are helpful to localize 
bony projections, calcifications, and calcified masses about 
the ankle. With plain films it may be difficult to identify the 
location of these calcified structures. In a recent paper, CT 
was found to be effective in differentiating calcification of the 
posterior tibiofibular ligament from calcification of the pero- 
neus longus tendon when plain films were unrevealing [16]. 

CT may be useful to evaluate diabetic osteoarthropathy 
about the ankle [17]. CT has the potential to demonstrate 
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pathologic fractures and soft-tissue abnormalities about the 
ankle that are not well delineated on plain film studies. 


Talus (3 patients): Osteonecrosis 


Avascular necrosis is a well known complication of talar 
injury [18, 19]. One-half of the talar neck fractures with 
subtalar joint dislocation and almost all talar neck fractures 
with combined subtalar and ankle joint dislocations have been 
associated with talar avascular necrosis. Avascular necrosis 
is usually treated conservatively with casting and immobili- 
zation; however, other treatments may be used depending 
on the volume and location of the avascular necrosis. CT is a 
useful technique for locating and quantifying avascular necro- 
Sis of the talus. One of the fortes of CT is contrast resolution, 
which enables detection of subtle differences in density. CT 
can be definitive when bone scanning suggests avascular 
necrosis. 
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Case 4: osteochondritis dissecans.—A 65-year-old man 
presented with osteochondritis dissecans of the medial as- 
pect of the dome of the talus clearly visible on plain radi- 
ographs (Fig. 4A) and conventional tomograms (Fig. 4B). CT 
was requested for improved localization and characterization 
of the lesion (Figs. 4C and 4D). An arthrotomogram (not 
shown) displayed an intact overlying cartilaginous surface. 

COMMENT.—In 1933 Fairbank defined osteochondritis dis- 
secans as a lesion in which a piece of articular cartilage and 
subchondral bone separates either partially or completely 
from its normal position. Trauma is a proven experimental 
cause but atraumatic causes may also occur [20-22]. The 
condition may present as a sprained ankle that does not 
improve with treatment [23 . Subchondral cysts may underlie 
osteochondritis dissecans involving the talar dome [24]. The 





Fig. 2.—Case 2: Ankle, ligament injury (ankle “sprain”). Axial CT scan 
through distal talofibular joints shcws much soft-tissue density about right (R) 
anterior and posterior talofibular ligaments (post injury). For comparison, normal 
shorter anterior (small arrowhead) and longer broader posterior (arrow) talofib- 
ular ligaments are evident on left Increased density in area of right anterior 
talofibular ligament most likely represents hemorrhage. Right common peroneal 
tendon sheath (/arge arrowhead) is uninvolved. 
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lesion along the medial aspect of the talar dome has been 
characterized as “cup-shaped” and along the lateral aspect 
as “wafer-shaped” [25]. Surgical treatment that involves drill- 
ing and curettage followed by nonweight-bearing appears to 
have good long-term results [26, 27]. 

In most cases, osteochondral talar dome fractures can be 
diagnosed with plain films and conventional tomography. 
However, in certain instances CT may add additional infor- 
mation. The position, extent, and structure of the defect can 
be clearly delineated with CT [2, 8, 28], and CT may demon- 
strate subchondral cysts when they are not evident with other 
techniques. In a small series of 15 patients from Israel, “the 
extent of the lesion as revealed by CT scanning was always 
much greater than that observed on the plain x-ray” [8, 19]. 
Sections 2 mm thick through the talus were routinely obtained 
in this study. An additional technique to precisely locate 
intraarticular bodies that has been advocated in the literature 
is computed arthrotomography or CT-arthrography [2, 29]. 
Both single- and double-contrast techniques have been de- 
scribed for the ankle. None of us has had experience with 
this method. 


Subtalar Joint (8 patients) 


Case 5: subtalar coalition.—A 15-year-old boy presented 
with bilateral painful flat feet and decreased subtalar motion. 
CT revealed bilateral small middle-subtalar-facet coalitions on 
questionably abnormal Harris-Beath views (Fig. 5). Triple ar- 
throdesis was performed in this case by one of us (L. i). 

COMMENT.—Until recently, radiographic evaluation of the 
subtalar joint has been suboptimal, as plain films rarely reveal 
the full extent of subtalar pathology. CT has rapidly become 
the method of choice for studying the articular surfaces 
between the talus and the calcaneus [5]. The degree of 
subtalar involvement in osteoarthritis, rheumatoid arthritis, or 
other forms of arthritis such as gout can be readily evaluated 
with CT. Firooznia et al. [2] have stated the subtalar joint 
“has a complex, multifaceted surface which is virtually impos- 
sible to visualize adequately, even with multiple obliques and 


Fig. 3.—Case 3: Ankle, bone mass localization, 
Trevor disease. A, Lateral left ankle radiograph. 
Bony protuberance (arrow) projects posterior to 
fibula and talus. B, Axial CT scan displays osteo- 
chondroma (arrow) attached to fibula (F) and 
wrapped around posterior aspect of talus (T). 
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Fig. 4.—Case 4: Talus, osteochondritis dissecans. A, Mortise view. Lucent 
defect (arrow) of medial aspect of right talar dome has classic “cup shape.” 
Conventional tomography showed central fragment more clearly. B, Axial CT 
scan. More precise size, location, and extent of osseous defect with rim of 
Surrounding reactive sclerosis (arrows) are shown. Central fragment (arrow- 
head) is also visible. C, Coronal reformation through area of abnormality shows 
depth of defect (arrow) with its contained osseous fragment (arrowhead). 


Fig. S.—Case 5: Subtalar joint, midsubtalar coalition. A, Bilateral Harris-Beath views show slight 
abnormal angulation of middle facet bilaterally. Whether there is coalition of these joints is uncertain. 
B, CT demonstrates probable small, bilateral, middle-facet subtalar coalitions (arrows) without 
significant degenerative changes. C, Sagittal reformation with extended bone window settings 
through middle facet of right foot, performed to exclude pseudocoalition reveals small coalition 
(arrowheads) at posterior aspect of middle facet. 
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special subtalar views.” In their experience, “CT is by far the 
modality of choice for evaluation of this joint.” 

Erosions on both sides of the subtalar joint leading to 
alignment abnormalities have been demonstrated by CT in 
patients with rheumatoid arthritis [5]. Hindfoot involvement 
can lead to pain, immobility, and gait difficulties. 

The radiologic literature is now replete with articles extolling 
the virtues of CT in the evaluation of subtalar coalition [4, 6, 
30]. Tarsal coalition is a congenital abnormality with fibrous, 
cartilaginous, or osseous union of two or more tarsal bones. 
The two most common forms of coalition occur at the middle 
talocalcaneal facet and the calcaneonavicular articulation. The 
latter can be readily diagnosed with oblique plain films of the 
foot. Patients typically become symptomatic at puberty when 
cartilaginous tarsal coalitions ossify. Tarsal coalition is one of 
the causes of the “peroneal spastic flat foot.” The description 
is a misnomer, because there may not be any muscle spasms 
associated with the condition. In 1948, Harris and Beath [31] 
found that 2% of 3600 male army recruits had peroneal 
spastic flat foot. In two-thrds of the cases there was a 
talocalcaneal bridge, and in almost one-fifth there was a 
calcaneonavicular bar. Harris and Beath were the first to 
conclusively link tarsal coalit on and the condition of peroneal 
spastic flat foot. 

Subtalar coalition interrupts the normal corkscrew motion 
of the talus on the calcaneus and can lead to subtalar arthritis 
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Fig. 6.—Case 6: Calcaneus, fracture. A, Com- 
minuted fracture involves right calcaneus with one 
fracture line running vertically from superior to in- 
ferior cortical surface. Horizontal fracture line is also 
present (arrows). B, Axial CT demonstrates mark- 
edly comminuted calcaneal fracture. C = calcaneus; 
T = talus: N = navicular. D, Coronal reformation 
shows intraarticular fracture of sustentaculum tali 
and middle facet (arrow). There is also cortical 
break along medial surface of talus (arrowhead), 
which was not visible on other radiographic exami- 
nations. D, Sagittal reformation also shows susten- 
tacular fracture (arrow). 


as well as intense pain. Subtalar coalitions come in a variety 
of sizes, but size is not critical. Very small middle-facet 
coalitions interrupt the normal subtalar motion just as large 
coalitions do and can be highly symptomatic. A number of 
techniques have been offered in the past for evaluating the 
condition, and special radiographic views [32], arthrography 
[33], and bone scanning [34] have all been tried. The best 
delineation of middle-facet subtalar coalition comes with GT. 

Until recently, all patients with subtalar coalition not re- 
sponding to convervative therapy with orthotics have been 
subjected to triple arthrodesis of the ankle. CT has revealed 
some very small bars, which in the absence of degenerative 
changes have been treated with coalition resection [6, 35]. 
Coalition resection remains controversial, however, and may 
serve only to delay the need for triple arthrodesis [36]. 

When middle-facet subtalar coalition is suspected, the mid- 
dle facet should be studied with CT in the axial or coronal 
anatomic planes with 2-mm contiguous sections. Since the 
middle facet usually slopes about 45°, either axial or coronal 
images will reveal the coalition. However one should be on 
the alert for “pseudocoalition,” which has been produced on 
Harris-Beath views [37] and can also be produced by CT with 
certain gantry angulations [38]. 

When Harris-Beath angled views of the middle facet are 
compared with CT scans in the same individuals, one sees 
that the plain film study can be unreliable [6]. CT has an 
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Fig. 7.—Case 7: Pain, post triple arthrodesis. A, Lateral view shows changes 
of prior triple arthrodesis with no other definite abnormalities detectable. B, 
Coronal CT reveals large cyst (C) of posterior calcaneus. Other sections showed 
fracture line into cyst. Peroneal tendons and their sheaths (arrow) are asym- 


additional advantage of visualizing the anterior facet of the 
subtalar joint, which is not seen on Harris-Beath views (an- 
terior-facet coalitions are unusual but can be associated with 
middle-facet coalitions). 

In our hands, CT has also proved useful in evaluating the 
location and complications related to the placement of sub- 
talar arthrosis devices implanted for excessive pronation. This 
material will be presented in a future publication. 


Calcaneus (4 patients) 


Case 6: acute fracture.—A 43-year-old man, who was an 
unreliable historian, “stepped in a hole 1 foot deep.” Plain 
films demonstrated a comminuted fracture of the right calca- 
neus (Fig. 6A). CT was ordered to determine if the fracture 
involved the mid-subtalar facet joint, to demonstrate the 
extent of the fracture and fragment position, and to evaluate 
the patient's talonavicular region (Figs. 6B-6D). 

COMMENT.—CT has proved reliable and superior to routine 
radiographs in evaluating comminuted calcaneal fractures and 
posttraumatic deformity after such injuries [3, 39]. Depending 
on the number, size, and location of fracture fragments, the 
Surgeon may elect to perform either open or closed reduction. 
In some cases, patients can benefit from pinning of certain 
fragments in a comminuted calcaneal fracture. CT can provide 
useful information, such as whether the middle facet is in- 
volved, whether there is a posterior facet dislocation, whether 
there is central depression of the fragments, or whether there 
is impingement between the fibular malleolus and a fragment 
of the calcaneal tuberosity [3]. 

Case 7: pain posttriple arthrodesis.—A 46-year-old man 
had a triple arthrodesis performed for rear foot pain at another 
institution. Some pain persisted after the operation, and ad- 
ditional sites of pain and tenderness had developed postero- 
laterally and anteromedially over the calcaneus. There was 
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metrically more irregular and larger than opposite side (not shown), suggesting 
peroneal tenosynovitis or other posttraumatic change. C, Calcaneus has per- 
sistent fracture line (arrow) superomedially at level of anterior subtalar facet. 


also tenderness over the peroneal tendons. CT revealed a 
large cyst in the posterior aspect of the calcaneus as well as 
several nonunited fractures (Fig. 7). The cyst was packed 
surgically with bone chips. Scarring of the peroneal tendon 
sheath was confirmed at surgery. 

COMMENT.—CT can clearly delineate cysts and cystic 
changes within the bones of the foot. CT has aided in the 
diagnosis of an intraosseous lipoma [40] and an aneurysmal 
bone cyst of the calcaneus [41]. 

CT has also proved useful for evaluating subtle abnormali- 
ties in other bones of the foot. There is a case report in the 
German literature of a stress fracture of the tarsal navicular 
seen on CT but not on standard radiographs [42]. Two of us 
(M. S. and J. O.) have observed a case of a navicular cyst at 
another institution, where the full extent of the cyst could be 
appreciated only with CT. Subtle fractures such as a fracture 
of the lateral or medial process of the talus, sustentaculum 
talus, or anterior process of the calcaneus may be identified 
only with CT. CT should be considered when there is persist- 
ent pain of unknown or uncertain cause; however, with this 
situation, CT may be of most value when it is performed after 
a bone scan that points to the exact site of pathology. Such 
knowledge of exact anatomic site of interest can allow tailor- 
ing of the CT examination to provide a correct diagnosis. 


Diabetic Foot (2 patients): Soft-Tissue Infection 


Because of altered stresses in the foot, diabetics are prone 
to osteomyelitis and diabetic osteopathy. Differentiating the 
two can at times be difficult. In one of aur cases, CT sug- 
gested osteomyelitis of the first metatarsophalangeal sesa- 
moid bones because of marked focal irregularities in the 
cortex. Osteomyelitis and surrounding cellulitis were con- 
firmed by biopsy. In addition, CT can delineate the location 
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and extent of soft-tissue infection. Along the plantar aspect 
of the foot, there are three compartments known as the 
medial, middle, and lateral plantar spaces. Infection in the 
middle plantar space is particularly worrisome, because this 
space communicates with the posterior aspect of the leg 
providing a path for spread of infections more proximally. 





Fig. 8.—Case 8: Soft tissue, Ach Iles tendon necrosis. Left Achilles tendon 
sheath is enlarged (arrows) with decreased attenuation centrally, compatible 
with necrosis-of tendon found at surgery. Opposite Achilles tendon (arrowhead) 
has normal density greater than that of surrounding soft tissues and has 
concave anterior border. 


Fig. 9.—Case 9: Soft tissue, posterior tibial tenosynovitis. A, CT scan through level of middle facet 
reveals soit-tissue prominence surrounding left posterior tibial tendon (arrow). Tendon is more dense 
(arrowhead) than surrounding soft tissue. B, After injection of contrast material into posterior tibial tendon 
sheath, complete block was discovered distally (arrows). Block was confirmed at surgery as being 


secondary"to prominent granulation tissue. 
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Soft-Tissue Abnormality (8 patients) 


Case 8: Achilles tendon necrosis.—A 49-year-old man had 
persistent pain and swelling of the left Achilles tendon lasting 
for several weeks after trauma. CT was requested to show 
the extent and character of palpable abnormalities and es- 
pecially to clarify the relation of the abnormality to the Achilles 
tendon. CT demonstrated a well circumscribed diffuse en- 
largement of the left Achilles tendon sheath from its origin to 
its insertion. In addition, the attenuation in the center of the 
abnormal sheath was less than that of the normal right 
Achilles tendon (Fig. 8). At surgery, a necrotic Achilles tendon 
was found totally contained within the tendon sheath. There 
was no evidence of neoplasm. 

COMMENT.—CT has proved to be a useful imaging method 
for looking at soft-tissue abnormalities about the foot and 
ankle. Until recently, direct imaging of the Achilles tendon has 
been difficult. Plain film techniques including use of mammo- 
graphic units and sonography including B-mode and real-time 
have been advocated in the past but have severe limitations 
[43-46]. CT scanning has been able to fill the void. The 
normal Achilles tendon is a semilunar-shaped structure sur- 
rounded and well marginated by low-density fat [47]. The pre- 
Achilles fat pad or “triangle of Kager” [45, 46] is situated just 
anterior to the tendon in the concave part of the tendon. 
Enlargement of the tendon or masses about the tendon tend 
to obliterate this fat pad. It has been stated: “CT is capable 
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Fig. 10.—Soft tissue: peroneal tenogram. CT scans obtained after percu- 
taneous placement of contrast material into common peroneal tendon sheath. 
A, Contrast-filled common peroneal sheath (arrow) is readily identified at level 
of posterior subtalar joint. Subtle decreased density in center of this tendon 
sheath represents contained tendons. B, More anteriorly, at level of middle 


of delineating swelling, calcification, granuloma formation, and 
tears of this tendon ... CT is particularly useful for masses, 
hematomas and traumatic lesions of this tendon” [2]. CT has 
also been useful in evaluation of Surgically repaired Achilles 
tendons [2]. 

Case 9: posterior tibial tenosynovitis. —A 28-year-old 
woman was referred for CT to “rule out left sustentacular or 
medial subtalar joint fracture in a patient with posterior tibial 
pain.” The patient had injured her left ankle while roller skating 
a few months before the CT examination. On CT soft tissue 
Surrounding the posterior tibial tendon was prominent, com- 
patible with swelling or mass (Fig. 9A). Tenography revealed 
an occluded tendon sheath. Tenolysis was performed oper- 
atively with removal of a large quantity of granulation tissue. 
This granulation tissue was the cause of a mass effect 
produced on the left posterior tibial tenogram (Fig. 9B). 

COMMENT.—Until recently, tenosynovitis of the foot and 
ankle has been principally a clinical diagnosis. The origin of 
Stenosing tenosynovitis is usually traumatic; however, other 
Causes are known. Underlying traumatic events include direct 
trauma, fractures of the calcaneus, and tendon ruptures. 
Ankle tenography has been advocated as a method for study- 
ing this condition [48, 49], but many times the history is 
inconclusive, and CT may serve as a screen for detecting 
tenosynovitis. Once a scarred or enlarged tendon sheath is 
identified with CT, a follow-up tenogram of the appropriate 
tendon sheath can be performed. In the foot the most com- 
monly involved tendon sheaths are those of the posterior 
tibial and peroneal tendons [48]. 
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subtalar facet, discrete peroneus brevis (arrow) and longus (arrowhead) tendon 
sheaths can be identified with their contained tendons (less dense center). 
Extravasated contrast material is Superior to talus. C, Sagittal reformation 
through peroneal sheaths clearly demonstrates bifurcation of common sheath 
into brevis sheath superiorly (arrowhead) and longus sheath inferiorly (arrow). 


CT may also be performed after injection of contrast ma- 
terial into tendon sheaths. Wide window settings provide 
optimal visualization of tendons within contrast-filled tendon 
sheaths. The Bone ReVue software package on the GE 9800 
works particularly well for this. Two of us (M. S., J. O.) have 
seen this technique successfully applied on living patients 
after tenography. With extended window settings (4000), the 
tendon can be identified within the tendon sheath. Figure 10 
illustrates how well the peroneal tendon sheaths can be 
visualized with CT after percutaneous placement of contrast 
material into the common peroneal tendon sheath. 

Szczukowski et al.[50] have reported two cases in which 
CT was useful in evaluating peroneal tendon dislocation. CT 
has been used by others to examine accessory muscles in 
the lower calf and about the ankle [51, 52] and a plantar 
ganglion cyst in a child [53]. 


Forefoot 


CT can occasionally be useful in the evaluation of soft- 
tissue abnormalities and trauma of the forefoot. CT was 
helpful in evaluating subtle Lisfranc fracture-dislocations in a 
recent small series [54]. 


Discussion 


The foot and ankle are highly complex anatomic structures: 
there are at least 26 bones and 38 articulations in each foot. 
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It is not always possible with conventional radiographic tech- 
niques to show foot pathology to the best advantage. CT is 
a valuable method for imprcving diagnostic accuracy in the 
foot and ankle. CT in our hands has proved useful in excluding 
subtalar osseous coalition, evaluating a distal tibial fracture, 
studying a case of Trevor disease, diagnosing abnormalities 
of the talus including aseptc necrosis and osteochondritis 
dissecans, evaluating the subtalar joint (which previously has 
been limited), identifying and clarifying abnormalities of the 
calcaneus, determing the extent of diabetic foot disease, and 
in better defining a wide range of soft-tissue pathology, in- 
cluding Achilles tendon necrosis, tendon sheath scarring, and 
soft-tissue neoplasm. 

We take issue with those investigators who advocate rou- 
tine 1-cm or 4- or 5-mm CT sections [55, 56]. With a careful 
history and physical examination performed by the referring 
physician, the suspected region of pathology can be deline- 
ated. Sections 1.5 or 2 mm chick should be obtained through 
these clearly defined regiors in the foot and ankle to best 
display complex anatomy. Reformations in the other two 
anatomic planes are occasionally required to solve more 
difficult diagnostic problems. High-quality reformations de- 
pend on thin-section imaging in the original plane studied. In 
a typical examination, 30 slices or fewer are required with 
thin-section technique to cover the entire subtalar joint. We 
agree with use of wider CT sections when information is 
desired about the extent of a long process. 

Musculoskeletal CT has been one of the last CT frontiers. 
In difficult diagnostic dilemmas in the foot and ankle, CT 
should be considered routinely when appropriate. CT of the 
foot and ankle no longer resides in the realm of experimental 
radiology, and it should be entertained when there is persist- 
ent localized foot pain of unknown or uncertain cause. 
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MRI of Joint Fluid in the 
Normal and Ischemic Hip 





MR images in 36 hips with documented avascular necrosis and 80 hips without 
evidence of joint disease were studied to determine the amount and appearance of fluid 
in the joint. All MRI examinations were done on a 1.5-T machine and included coronal 
images made with relative T2 weighting (repetition times = 2000-2500 msec, echo 
delays = 60-100 msec). The amount of joint fluid, which had an intense signal higher 
than fat, was graded from 0 to 3 and analyzed with respect to the patient’s age and 
radiographic stage of avascular necrosis. Joint fluid was seen in 84% of presumed 
normal hips. Only four (5%) of 80 had enough fluid to surround the femoral neck (grade 
2), and none had sufficient fluid to distend the joint capsule (grade 3). In comparison, 
21 (58%) of 36 hips with avascular necrosis had grade-2 or grade-3 effusions (p < 
0.005), and some fluid was seen in all. Grade-3 effusions were seen in seven (50°%) of 
14 hips with flattening of the femoral head, compared with only one (5%) of 20 in which 
the femoral contour was normal. It is concluded that small amounts of fluid are present 
in both normal hips and those with avascular necrosis. In avascular necrosis, increased 
joint fluid may be present before radiographic abnormalities occur, but it is greatest 
after there is flattening of the femoral head. MRI is a highly sensitive method for 
detecting fluid in the hip joint. 


The value of MRI for assessment of the hip has been demonstrated, particularly 
in cases of avascular necrosis (AVN) [1-4]. It has also proven useful in evaluation 
of disease in the male [5] and female [6] pelvis. Because of the long T2 of free 
water, most body fluids are easily detected by T2-weighted images in which the 
fluids have an intense signal relative to solid tissues [7]. Noninvasive detection of 
joint fluid is thus possible in asymptomatic as well as symptomatic patients. To 
evaluate this further, we studied the normal MRI appearance of fluid in the hip joint 
and examined the relationship of joint effusions to AVN. 


Materials and Methods 


Between November 1984 and September 1985, 40 patients (33 women and seven men) 
with no evidence of hip disease had MRI examinations of the pelvis in which coronal views 
of the hips with relative T2 weighting were obtained; repetition times (TR) = 2000-2500 
msec, echo delays (TE) = 60-100 msec. Using these parameters, images were obtained in 
the sagittal plane in two patients and in the axial plane in three patients. For most of the 
patients no radiographs were available. These individuals were compared with 20 patients 
(nine women and 11 men) who had documented bilateral (16 patients) or unilateral (four 
patients) nontraumatic AVN of the hip and who also had T2-weighted coronal MR images of 
their hips. Thus, 36 abnormal hips were studied. MR images showed characteristic focal 
defects in the weight-bearing portion of the femoral heads in all cases [1, 3, 4]. The hips with 
AVN were staged according to the Steinberg modification of the radiographic classification 
described by Arlet et al. [8]. Stage | (eight hips) consisted of normal radiographs; stage Il (12 
hips) included cystic and/or sclerotic changes without subcortical lucency (crescent sign); 
stage III (no hips) was the development of subchondral fracture, as evidenced by the crescent 
sign; and stage IV (14 hips) indicated subchondral collapse, depicted as flattening of the 
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femoral head. No hips with narrowing of the joint (stage V) were 
included. For two hips, radiographic staging was not available. His- 
tologic proof was available in 26 hips and all had radiographic, 
radionuclide, or CT confirmation. 

A General Electric (Milwaukee, WI) 1.5-T superconducting MRI unit 
was used for all of the MRI examinations. Most images were recon- 
structed using a 256 x 128 data matrix, acquired as the average of 
two signals. Sections were 5 mm thick with 2.5-mm intervals. 

Joint fluid, which had a higher signal than fat on the long TR and 
TE images, was identified in the expected location of the hip capsule 
(Fig. 1). The amount of fluid was graded from 0 to 3 for each hip. The 
grading system consisted of 0 (none), 1 (minimal), 2 (enough to 
Surround the femoral neck), and 3 (distension of capsule recesses) 
(Figs. 2-4). 

Statistical significance was determined using a critical ratio be- 








Labrum 


Capsular 
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Orbicularis Fluid 


Transverse 
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Fig. 1.—Diagram of capsule of hip joint. Capsule attaches superiorly at 
labrum and transverse ligament and encircles femoral neck. Capsule is con- 
Stricted about femoral neck by zona orbicularis, a component of the capsule 
consisting of circular fibers. 
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tween the difference of two independent proportons and the standard 
error of the sample [9] or, for n < 30, by using the Fisher exact test 
[10]. 


Anatomy 


The hip joint capsule is a closely fitting fitrous ligament that 
attaches proximally around the brim of tre acetabulum, la- 
brum, and transverse acetabular ligament and encircles the 
femoral head (Fig. 1) [11]. The capsule <ttaches anteriorly 
along the intertrochanteric line and postericrly along the junc- 
tion of the middle and distal thirds of the emoral neck. The 
capsule is constricted around the narrowest part of the fem- 
oral neck by the zona orbicularis, a deed sling of circular 
collagenous fibers. An inferior recess is formed by an impres- 





Fig. 3.—Grade-2 fluid in right hip of 21-year-old woraan with pelvic inflam- 
matory disease (TR = 2500 msec, TE = 80 msec). Flu d (arrows) surrounds 
right femoral neck. 





Fig. 2.—Bilateral grade-1 hip fluid in 16-year-old girl with pelvic inflammatory 
disease (TR = 2500 msec, TE = 80 msec). A, Coronal view shows fluid 
Superolateral and inferomedial to femoral heads (arrows). B, Axial projection 


reveals fluid lateral and medial to femoral heads (arrows).-C, Sagittal projection 
of right hip reveals fluid anteroinferior (white arrow) and posterior (black arrow) 
to femoral head. 
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Fig. 4.—Bilateral avascular necros is of hips with 
grade-3 fluid in 49-year-old man. A, TR = 600 msec, 
TE = 25 msec. Fluid distends recesses above (/ong 
arrows) and below (short arrows) zana orbicularis. 
Joint fluid is less intense than fat bu- more intense 
than muscle. B, TR = 2500 msec, TE = 100 msec. 
Fluid (arrows) is more intense than -at on this T2- 
weighted image. 


sion made by the transverse ligament, which is situated at 
the inferior portion of the acetabulum. The iliopsoas muscle 
is anterior to the joint capsule, separated by the iliopsoas 
bursa with which the joint frequently communicates. The joint 
capsule encloses the femoral head, which is attached to the 
acetabulum by the ligamentum teres. 


Results 


On T2-weighted coronal MR images, fluid was most con- 
sistently seen in the recess formed by the acetabular labrum 
superiorly and the transverse ligament inferiorly (Fig. 2A). 
Small amounts of fluid were also seen above and medial to 
the femoral head. Increased fluid could be seen surrounding 
the femoral neck (grade 2) (Fig. 3). On axial and sagittal 
images, fluid was also most frequently depicted just outside 
the margins of the acetabulum, but could often be seen within 
the joint (Figs. 2B and C). 

Joint fluid was seen in 67 (84%) of 80 apparently normal 
hips (Table 1). All but four (5%) of these were grade 1, and 
none had enough fluid to distend the joint recesses (grade 3). 
The amount of joint fluid was the same on both sides in 25 
(63%) of 40 patients. No fluid was detected in nine (35%) of 
26 hips in patients between 31 and 50 years old, compared 
with only one hip (3%) among patients less than 31 years old 
(p < 0.005). 

Comparison between pazients with apparently normal hips 
and those with AVN is shown in Table 2. While only four (5%) 
of the 80 normal hips had grade-2 effusions, 21 (58%) of the 
36 hips with AVN had grade-2 or grade-3 effusions (p < 
0.005). There were no abnormal hips without detectable fluid, 
compared with 13 (16%) of the control hips. Grade-2 or grade- 
3 fluid was present in only two (17%) of 12 hips with stage-ll 
AVN. compared with six (75%) of eight in stage-l hips (p < 
0.05) and 12 (86%) of 14 in stage-IV hips (p < 0.005). 

In hips with advanced AVN in which flattening of the femoral 
head was noted (stage IV) seven (50%) had enough fluid to 
distend the recesses of the joint capsule (grade 3) (Fig. 4). In 
contrast, only one (5%) of the other hips with AVN had this 
much fluid (p < 0.005). In eight of nine patients with bilaterally 
asymmetric AVN, there wes more fluid in the more diseased 
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TABLE 1: Amount of Joint Fluid in Normal Hips with Respect to 
Age 














Grade of Age (in years) Ti 
Fluid 0-30 31-50 >50 
0 1 (3) 9 (35) 3 (17) 13 (16) 
1 33 (91) 17 (65) 13 (72) 63 (79) 
2 2 (6) 0 2 (11) 4 (5) 
Total 36 26 18 80 


Note: Numbers are numbers of patients in a given age range. Percentages are in 
parentheses. 


TABLE 2: Amount of Joint Fluid With Respect to Stage of AVN 


Grade of Radiographic Stage of AVN 











Fluid Control 3 ; F Total AVN 
| | 
0 13(16) 0 0 0 0 
1 63 (79) 2 (25) 10 (83) 2 (14) 15 (42) 
2 4 (5) 6(75) 1 (8) 5 (36) 13 (36) 
3 0 0 (8) 7 (50) 8 (22) 
Total 80 8 12 14 36 


Note: Numbers are the numbers of patients for each category. Percentages are given in 
parentheses. In two hips radiographic staging was not available. AVN = avascular necrosis. 


hip. One patient had the same amount of fluid on both sides. 
All four patients with unilateral AVN had more fluid in the 
abnormal hip. 


Discussion 


The normal hip contains a small amount of fluid, which 
before the advent of MRI was difficult to detect. Arthroson- 
ography is capable of detecting large amounts of fluid in the 
hip joint. The fluid appears as an anechoic space along the 
anterior aspect of the femoral neck [12]. MRI, however, can 
detect slight amounts of fluid throughout the joint, and can 
also evaluate the bony and soft-tissue components of the 
joint. Large effusions may be detected by T1-weighted images 
as intermediate signal intensity just external to the cortex of 
the femoral neck (Fig. 4A). The long T2 of joint fluid causes 
increased contrast in T2-weighted images [7] and allows the 
detection of minimal amounts of fluid. In our series we used 
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the coronal plane for comparative study, but fluid may be 
detected with any imaging plane (Fig. 2). 

The hips are routinely included in MRI examinations of the 
pelvis, and detection of small amounts of fluid in the hip 
should not suggest an abnormality. Of the 80 presumably 
normal hips in our series, 67 (84%) had fluid detected in T2- 
weighted coronal images. While minor degrees of asymmetry 
in the amount of joint fluid are common, the presence of 
Sufficient fluid to surround the femoral neck (grade 2) or 
distend the capsular recesses (grade 3) should be viewed 
with suspicion. Grade-2 fluid was seen in only four (5%) of 
the normal hips, and none had grade 3. 

There was no detectable joint fluid in nine (35%) of the 
presumably normal hips in patients between 31 and 50 years 
old, compared with only one (3%) of those less than 30. 
Synovial fluid is secreted as a protective function. Conceiva- 
bly, the decrease in joint fluid in some patients between 30 
and 50 might indicate a diminished lubricating mechanism, 
which may predispose to the development of degenerative 
joint disease. 

In advanced AVN, collapse of the femoral head articular 
Surface and secondary degenerative disease act as a synovial 
irritant and incite pannus formation [13]. This in turn may 
induce joint effusion. Grade-3 effusions were seen in seven 
(50%) of 14 hips with flattening of the femoral head, compared 
with one (5%) of 22 other hips with AVN (p < 0.005). Before 
collapse of the articular surface, the synovium is not primarily 
involved. Grade-2 or grade-3 effusions were seen, however, 
in six (75%) of eight hips with AVN without radiographic 
changes. Fluid in hips with early AVN might be increased 
Owing either to the impaired venous drainage associated with 
early AVN or to local hyperemia associated with the repair 
process [8, 13]. Only two (16%) of 12 hips with sclerotic or 
cystic changes but normal femoral head contour (stage II) had 
grade-2 or grade-3 fluid (p < 0.05). 

Small amounts of fluid may be seen in normal hips on T2- 
weighted MR images. A long-term prospective study is 
needed to determine if decreased joint fluid may be a predis- 
posing factor for degenerative joint disease. Sufficient fluid to 
Surround the femoral neck occurred in only 5% of the presum- 
ably normal hips and, when present, could be indicative of 
underlying disease, especially if the Capsular recesses are 
distended. The amount of fluid is increased in the majority of 
patients with AVN, especially in those with advanced disease. 
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Whether the noninvasive observation of joint effusion by MRI 
will prove valuable for detecting early hip disease or as a 
differential diagnostic sign requires further study. 
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Hip Changes in Spastic 
Cerebral Palsy 





Radiographs of the hips of 69 patients with cerebral palsy were evaluated for the 
angle of Wiberg, acetabular angle, degree of subluxation, shape of the femoral head, 
and, when the appropriate studies had been performed, anteversion and neck-shaft 
angles. Abnormalities included various degrees of superior lateral subluxation or dislo- 
cation, dysplasia of the acetabulum associated with femoral head displacement, flatten- 
ing of the medial and/or lateral portions of the femoral head, an increase in the 
anteversion angle, functional increase in the neck-shaft angle, and, in long-standing 
cases, secondary degenerative joint disease and pseudoarticulation. Neuromuscular 
imbalances and abnormal ambulation caused by cerebral palsy change the biomechan- 
ical forces on the hip and result in characteristic osseous changes. Recognition and 
proper treatment of these changes can significantly alter the clinical course of the 
disease. 


The skeleton in children with cerebral palsy is normal at birth but may be 
deformed by the abnormal biomechanics caused by spasticity. The neuromuscular 
imbalances and abnormal ambulation result in characteristic osseous changes of 
the hip, and may lead to progressive subluxation and dislocation. The incidence of 
hip abnormalities in these patients has been reported as low as 2.6% by Mathews 
et al. [1] and as high as 28% by Samilson et al. [2], depending on the patient 
population and method of evaluation. These changes may be prevented or delayed 
by proper treatment; if already present, they may require surgical correction. Clinical 
evaluation may suggest the presence of a hip abnormality, but the changes are 
best evaluated by radiography. 


Methods 


The clinical records of 495 patients seen at the cerebral palsy clinic of the Hospital for 
Special Surgery in New York City were reviewed. Of these, 96 had undergone radiographic 
examination of the pelvis and hips. Twenty-seven were not included in the study because 
their symptoms were those of athetosis without spasticity or because their records were 
incomplete. 

The records of the remaining 69 patients were reviewed for age, gender, diagnosis, and 
severity of disease. The radiographs were evaluated for the angle of Wiberg (the angle formed 
between a vertical line through the center of the femoral head and a line drawn from the 
center of the femoral head to the superior lateral margin of the acetabulum) [3], acetabular 
angle (the angle formed between a line drawn through the roof of the acetabulum and the 
horizontal plane), migration percentage (degree of displacement of the femoral head out of 
the acetabulum) [4], shape of femoral head, and, in those patients who had anteversion 
studies, anteversion and neck-shaft angle. 

With the method described by Reimers [4], the degree of malposition was graded | through 
IV, with grade | representing up to 33% migration percentage; grade Il 33%-67% migration 
percentage; grade Ill 67%-100% migration percentage; and grade IV more than 100% 
migration percentage. Anteversion and neck-shaft angle measurements were made in eight 
patients, involving 15 hips, by using the technique described by Muller [5]. 
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Results 


The patients, 36 males and 33 females, ranged in age from 
1 year to 60 years, with an average of 15 years and a mean 
of 11 years. The majority had spastic quadriplegia or spastic 
paraplegia. Nine had severe spasticity, 37 had moderate 
spasticity, and 12 had mild spasticity. Thirty-six patients had 
Subluxation or dislocation of one or both hips. Both hips were 
involved in 12 patients, resulting in a total of 48 abnormal 
hips. 

Twenty-two hips had grade-| displacement, 13 had grade- 
Il displacement, four had grade-lll displacement, and nine had 
complete dislocation. In all but three of the subluxed or 
dislocated hips there was an associated increase in the 





Fig. 1.—6-year-old female spastic paraplegic with severe mental retardation 
and blindness. Anteroposterior radiograph of pelvis shows grade-lll superior 
lateral subluxation of both femoral heads, acetabular dysplasia, and medial 
flattening of femoral heads. 
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acetabular angle. In no case was there acetabular dysplasia 
without subluxation of the femoral head. As expected, more 
severe displacement of the femoral head was associated with 
smaller Wiberg angles. 

Flattening of the medial portion of the femoral head oc- 
curred in 29 patients (Fig. 1) and flatteming of the lateral 
portion occurred in 12 patients (Fig. 2). When both portions 
were flattened, a characteristic triangular deformity of the 
femoral head occurred (six patients) (Fig. 3). Medial flattening 
did not occur without subluxation of the femoral head: how- 
ever, lateral flattening occurred without subluxation in three 
patients (Fig. 4). 

In all patients, the anteversion angle of the abnormal hip 
was greater than normal for the patient's age and ranged 
from 12° to 44°, with an average of 22°. According to the 
Standards determined by Fabry et al. [6], in all but two of the 
involved hips the anteversion angle was greater than 2 stand- 
ard deviations above normal. There was slight increase in the 
neck-shaft angle in five patients. 

In two patients, sequential radiographs showed progres- 
sion of the subluxation and acetabular dysplasia over a period 
of several years (Fig. 5). One patient with long-standing 
disease developed pseudoarticulation of the femoral head 
with the ileum and severe secondary degenerative joint dis- 
ease (Fig. 6). 


Discussion 


In patients with cerebral palsy, the spastic adductor and 
iliopsoas muscles overpower the spastic but weaker abductor 
and hip extensor muscles. This results in the typical adducted 
and flexed position of the thigh. 

The femoral neck-shaft angle averages approximately 140° 
at birth, decreases to an average of 135° at the age of 6 


Fig. 2.—25-year-old mentally retarded 
woman with right spastic hemiplegia. A, 
Anteroposterior radiograph of right hip 
shows grade-l latera! subluxation of fem- 
oral head, mild acetabular dysplasia, and 
lateral flattening of femoral head. B, After 
a varus derotation esteotomy, the flat- 
tened lateral femoral head partially lies 
within the acetabulum. 


~ 
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Fig. 3.—15-year-old spastic quacriplegic. Anteroposterior radiograph of left 
hip shows grade-lll superior lateral subluxation of femoral head and acetabular 
dysplasia. Medial and lateral flattening of capital femoral epiphysis results in a 
triangular deformity of femoral head 


HIP CHANGES IN SPASTIC CEREBRAL PALSY 


1221 





Fig. 4.—25-year-old woman with spastic diplegia. Anteroposterior radi- 
ograph of right hip shows early flattening of the lateral portion of the femoral 
head (arrowheads) without subluxation or acetabular dysplasia. 





Fig. 5.—12-year-old retarded girl with spastic paraplegia. A, Anteroposterior radiograph of pelvis shows grade-| lateral subluxation of left femoral head, acetabular 
dysplasia, and medial and lateral flattening of femoral head. B, 5 years later the femoral head is dislocated. 


years, and to an average 7° 132° in adolescence. It measures 
approximately 125° in adults [6]. Several authors have re- 
ported an increase in the neck-shaft angle in patients with 
cerebral palsy [1, 2, 7-12]. Others have reported no increase 
(6, 13-16], explaining that the apparent change seen on 
anteroposterior radiograprs is the result of foreshortening of 
the femoral neck secondary to increase in the anteversion 


angle. The relatively mild increase in the neck-shaft angles in 
our patients supports the conclusion that there is little actual 
increase in this angle in these patients. There is, however, a 
functional coxa valga in those patients with adduction con- 
tractures. 

Femoral anteversion refers to the angle the femoral neck 
makes to a transverse plane through the femoral condyles 
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Fig. 6.—57-year-old woman with mixed spastic athetoid quadriplegia. An- 
teroposterior radiograph of pelvis shows bilateral hip dislocation, pseudoar- 
ticulation, and secondary degenerative changes. 


when the femur is viewed on end. The angle at birth averages 
approximately 40°, decreases to 26° at 4 years, to 24° at 8 
years, and to 19° in adolescence. In the adult it ranges from 
8° to 15° [6]. The persistence of excessive femoral antever- 
sion in patients with cerebral palsy is primarily the result of 
muscle imbalance and delayed weight bearing [2, 13]. The 
increase in anteversion angle results in apparent external 
rotation of the proximal femur on the anteroposterior radi- 
ographs as well as apparent increase in the neck-shaft angle. 

The spastic adductors and flexors of the hip, including the 
iliopsoas muscle, act to force the femoral head in a superior 
lateral direction. The combination of these forces is weakly 
opposed by the abductor muscles. The functional coxa valga 
and increased anteversion angle accentuate the forces dis- 
placing the femoral head. Acetabular dysplasia is seen only 
in patients who have subluxation or dislocation of the femoral 
head. This is similar to the acetebular dysplasia seen in the 
congenital dysplastic hip. Some degree of subluxation may 
be present, however, without associated acetabular dyspla- 
Sia, depending on the age at which the subluxation occurs 
and the duration of the changes. 

Flattening of the medial portion of the femoral head was 
present in those patients who had more severe femoral head 
subluxation and dislocation. At surgery, those patients with 
medial flattening of the femoral head had a hypertrophied taut 
ligamentum teres that causes an indentation on the femoral 
head [2]. Pressure on the superior lateral acetabular margin 
also contributes to the medial femoral head flattening. The 
abductor muscle mass presses on the superior lateral portion 
of the femoral head, producing flattening in this region. This 
is most prominent on the laterally displaced femoral head but 
may occur without femoral head displacement, as was seen 
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in three of our cases (Fig. 4). The combination of both medial 
and lateral flattening results in a characteristic triangular de- 
formity of the femoral head (Fig. 3). 

Progression of the hip deformity, observed by other authors 
[9-11], was seen in two patients in this series (Fig. 5). This 
may occur despite soft-tissue treatment. 

With long-standing subluxation or dislocation, and with 
continued ambulation, patients may develop secondary de- 
generative joint disease. If the hips are completely dislocated, 
pseudoarticulation may occur (Fig. 6). 

Hip changes in cerebral palsy may be progressive with or 
without treatment, depending on the severity and duration of 
the disease. The recognition and proper treatment of these 
changes can significantly alter the clinical course. 
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MRI of Angiographically 
Occult Vascular 
Malformations 





Eleven patients with 15 angiographically occult arteriovenous malformations were 
studied by magnetic resonance (MR) imaging and computed tomography (CT). Five 
patients had biopsy proof; six were clinically diagnosed from the long-term clinical 
follow-up (more than 3 years) and imaging features. Of the 15 lesions, 11 were recog- 
nized by both CT and MR. Each method was falsely negative for two lesions. The most 
useful contribution of MR in the characterization of angiographically occult arteriovenous 
malformations was the depiction of hemorrhagic foci in 12 of 13 lesions seen on MR. 
High-attenuation foci indicative of hematomas were seen in only five lesions on CT; the 
rest were iso- or hypoattenuating. CT detected two very small lesions, in one case as 
punctate foci of enhancement and in the other as punctate calcification, that were not 
seen with MR. MR complements CT in characterizing angiographically occult arteriove- 
nous malformations and in distinguishing them from similar-appearing lesions, in partic- 
ular, small neoplasms. However, when such lesions are seen with only focal calcification 
and subtle enhancement on CT, routine MR may miss them. 


The detection and accurate diagnosis of angiographically occult arteriovenous 
vascular malformations (AVMs) of the brain on the basis of clinical or radiologic 
manifestations was uncommon until the introduction of computed tomography 
(CT). Although CT criteria have now been well established and serve to improve 
detection of these lesions [1-3], preoperative discrimination from tumors remains 
problematic. The relative sensitivity and specificity of magnetic resonance (MR) 
imaging in these lesions is as yet unreported. However, this modality does have 
promising capabilities in depicting vascular structures with great anatomic detail 
and in identifying hemorrhagic lesions [4]. The purpose of our present study was 
to establish in a preliminary fashion the relative value of MR in the diagnosis and 
characterization of AVMs. 


Subjects and Methods 


Nineteen patients in whom the diagnosis of an angiographically occult AVM was strongly 
considered were referred for MR imaging. The lesion was suspected on the basis of either 
clinical presentation and/or a characteristic CT appearance and an angiogram that failed to 
demonstrate abnormal vascularity. The patients were studied during a 36 month period 
ending December 1984. Eight patients were found to have tumors, all of the tumors were 
surgically confirmed. In the other 11 patients the diagnosis of AVM was established by biopsy 
(five patients) or was strongly considered on the basis of long-term follow-up (>3 years) and 
characteristic clinical and radiographic findings (six patients). Ages ranged from 2 to 56 years. 
Five were female; 6 were male. The clinical presentations were seizures, acute intracranial 
hemorrhage, or progressive focal deficit. 

Nine patients had unenhanced CT examinations (GE 8800 or 9800); all had postenhance- 
ment studies. The lesions were analyzed on CT for density alterations indicating hemorrhage, 
enhancement, or calcification, as well as for low-density foci. Angiography was performed in 
all 11 patients. The MR examinations were performed on a Diasonics MT/S superconducting 
unit operated at 0.35 T [5]. Images were obtained using dual spin-echo (SE) multisection 
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Fig. 1.—17-year-old girl with headaches, seizures, no focal deficit. A, 
Unenhanced CT scan. Area of Slightly increased density adjacent to right frontal 
horn. B, Postcontrast. Ring enhancement of lesion suggests involvement of 
walls of ventricle. C, T1-weighted MR image (TR 500/TE 28). Well circum- 
scribed area of high signal intensity reflects relatively short T1 characteristic of 
Subacute or chronic hematoma. D, T2-weighted image (TR 2000/TE 56). 
Relative high signal in center of lesion reflects relative prolongation of T2, which 
may reflect hematoma of any age and is less specific. Low-intensity ring may 


imaging techniques with both short (500 msec) and long (1500-2000 
msec) pulse interval (TR) sequences. Echo delay (TE) in all the 
sequences was 28 msec for the first echo and 56 msec for the 
second. In one patient, the short TR sequence did not encompass 
the lesion because of inaccurate centering of the patient in the imager. 
T1 and T2 relaxation data were calculated from acquired data. These 
data were also used to create synthetic images indicating T1 and T2 
relaxation times [6]. The images were analyzed for abnormal altera- 
tions of signal intensity and flow effects. 
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represent collagenous capsule. E, Calculated T2 image. This display technique 
will exaggerate any echo rephasing phenomena, which can be identified as 
areas of increased signal intensity. Examples in this image include internal 
cerebral veins, vein of Galen, and cortical veins. No slow flowing or rephasing 
areas are seen within lesion. F, T2-weighted image (TR 1 500/TE 56) in coronal 
plane. Two additional parasagittal lesions are identified. Only cephalad and 
periventricular ones were seen on CT. 


Results 


Eleven patients were identified with angiographically occult 
AVMs. Nine patients had single lesions, one patient had two, 
and one had four, totaling 15 AVMs. Eleven of 15 lesions 
were visible on both CT and MR, two were visible only on 
CT, and two only on MR. 

High-density components on CT, compatible with hemato- 
mas, were visible in five lesions. The density values were 
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Fig. 2—17-year-old girl with 3 year history of 
seizures. No focal deficits. Presumed occult AVM 
with remote hemorrhage. A, Postcontrast CT scan. 
Area of equivecal increased density (arrows). B, T2- 
weighted image (TR 2000/TE 56). High-intensity 
circumscribed lesion surrounded by irregular dark 
rim. Findings-consistent with old hemorrhage and 
fibrous capsule. 


A 


such that calcium deposition could not be reliably excluded. 
Three lesions had components that were definitely calcified 
on CT. All three of these lesions had a component that 
enhanced with intravenous contrast material. On MR, the 
presence of calcium was identified prospectively in one lesion 
as an area of signal void, and only retrospectively identified 
in another (fig. 3). The presence of calcium could not be 
identified in the third patient, resulting in a false-negative MR 
examination. Two additional lesions exhibited focal areas of 
central low density on CT. 

In 12 of 13 lesions seen on MR, abnormal high-signal 
intensity foci were present in both T1- and T2-weighted MR 
images reflecting the short T1 and long T2 relaxation times 
of these foci (figs. 1 and 2). In the other case the T1-weighted 
sequence did not encompass the lesion, but on the T2- 
weighted image that did, i: again appeared as high intensity 
similar to the other lesions. Eight of these foci corresponded 
to the five hematomas, to the two central low-density areas, 
and to a hyperdense area abutting definite calcification seen 
on CT (described above). The other five lesions exhibiting 
high intensity on the MR scan corresponded to isodense 
lesions on CT. 

All 13 lesions seen on CT exhibited contrast enhancement, 
usually of minimal degree. No correlate of this enhancement 
could be detected by MR. 

All MR images were exemined for flow-related effects such 
as flow enhancement, high-velocity signal loss and even-echo 
rephasing. These effects were not observed in any angio- 
graphically occult AVMs but were routinely seen in large 
intracranial vascular structures such as the carotid arteries 
and dural venous sinuses 

Eight patients with small neoplasms had final diagnoses 
established by surgical biopsy. In seven of these eight patients 
whose initial presentation was consistent with either an an- 
giographically occult AVM or a small neoplasm, CT showed 
foci of low density with homogeneous enhancement after 
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contrast administration. In these patients, MR showed more 
extensive tissue abnormality than did CT and excluded the 
presence of subacute or chronic hemorrhage by the absence 
of areas of increased signal on the T1-weighted images (fig. 
4). In one patient, a 3⁄2 cm tumor did have an area of 
associated hemorrhage within it, which rendered both studies 
indeterminate for a specific diagnosis (fig. 5). 

In one patient with normal pre- and postcontrast CT scans, 
MR depicted the presence of an old hemorrhagic collection in 
the pons. This patient had a history of progressive focal 
deficit, and at surgery a vascular malformation with associ- 
ated chronic hematoma was found. In one patient with four 
surgically proven AVMs, all four were visible as high intensity 
on both T1- and T2-weighted MRI. Three were seen on CT; 
the fourth was isodense. 

The calculated T1 and T2 images generated in each case 
were not particularly helpful. Lesions were seen equally well 
on acquired and calculated images. Qualitative information as 
to T1 and T2 relaxation times of demonstrated lesions could, 
with experience, be quickly derived from a combination of 
acquired T1- and T2-weighted images without referring to 
synthetic images. 


Discussion 


Angiographically occult AVMs encompass a diverse group 
of lesions with different histologic characteristics. The com- 
mon diagnostic feature is the absence of abnormal vascularity 
on routine angiography. Histologically, these lesions are com- 
posed of vascular structures that contain slow flow, and their 
spectrum includes thrombosed AVMs, cavernous angiomas, 
capillary telangiectasias, and venous angiomas [7]. Associ- 
ated pathologic findings include focal areas of dystrophic 
calcification, hemorrhage of various ages, associated cerebral 
atrophy, gliosis, and edema [8]. These lesions have on oc- 
casion been referred to in the literature as “cryptic AVMs" 
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Fig. 3.—7-year-old boy with headaches. Calci- 
fied AVM not detected by MR. A, Angiogram shows 
subtle area of increased vascularity on prolonged 
injection (arrows). No feeding vessel can be identi- 
fied. Pre- (B) and post- (C) contrast CT scans. 
Gyriform calcification in subcortical area on right 
shows subtle enhancement. D, T1-weighted image 
(TR 500/TE 28). Area of low signal intensity of 
similar configuration to that seen on CT was iden- 
tified only in retrospect (arrows). E, T2-weigh*ed 
image (TR 2000/TE 56). Lesion cannot be identified 
on this sequence. 





B 


Fig. 4.—46-year-old man with relatively short history of progressive left- excludes the presence of subacute or chronic hematoma. C, T2-weighted 
sided focal deficit. Biopsy demonstrated anaplastic astrocytoma. A, Contrast- image (TR 2000/TE 56). Relatively high signal intensity reflects relatively 
enhanced CT scan. Enhancing lesion with minimal mass effect. Absence of prolonged T2 values of lesion. Combination of prolonged T1 and T2 would nct 
Surrounding edema. B, T1-weighted image (TR 500/TE 28). Lesion is depicted support diagnosis of AVM, but rather of malignant neoplasm. 


as area Of low signal intensity reflecting relatively prolonged T1 (arrows). This 
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Fig. 5.—67-year-old cello player with progres- 
sive right-sided focal deficit. CT and MR findings 
suggested AVM. Small hemorrhagic glioblastoma 
proven atinecropsy. A, Noncontrast CT scan. Low- 
density lesion in posterior part of internal capsule 
(arrows). B, Contrast-enhanced szan. Lesion 
shows minimal enhancement on medial aspect 
seemingly related to choroid plexus (arrow). C, T1- 
weighted image (TR 500/TE 28). Figh intensity 
(short T1) of lesions indicates presence of blood. D, 
T2-weighted image (TR 2000/TE 28) High signal 
intensity reflects prolonged T2. No increase in area 
of lesion supports diagnosis of cryptic malformation 
rather than malignant neoplasm. In latt2r, one would 
expect broader area of increased signal intensity 
because of frequently associated ede na. 


[9], “microangiomas” [10], and “small vascular malformations” 
[11]. 

The characteristic CT appearance of angiographically oc- 
cult AVMs is usually that of a well circumscribed area of 
increased density that is either homogeneous or mottled. 
After administration of contrast material, there may be patchy, 
homogeneous, or, rarely, ring enhancement. One-third to one- 
half of the lesions will demcnstrate a mass effect. Edema is 
generally absent [1, 2]. Th2 characteristic locations of the 
lesions include brainstem, periventricular white matter, and 
the gray/white-matter junction. In a small number of cases, 
repeated hemorrhages, which may be subclinical, cause these 
lesions to grow and exhibit a ringlike enhancement pattern 
(fig. 1). 

Although CT has in fact accounted for the detection of a 
larger number of these lesions than previously possible, the 
above characteristics are relatively nonspecific. The same 
findings can be attributed tc a low-grade tumor that could be 
calcific and/or hemorrhagic. A significant number of patients 
with occult AVMs are not studied at the time of an acute 
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bleed. The low-density components of a lesion seen on CT 
often reflect the presence of a subacute or chronic hematoma. 
The diagnostic difficulty is that neoplasms or associated 
edema may have an identical appearance. The ability to 
distinguish between these diverse sources of low density 
could serve to improve specificity. This is where MR may 
prove to be of considerable value. 

Subacute and chronic hematomas have a relatively short 
T1 relaxation time and a prolonged T2 relaxation time result- 
ing in areas of relatively increased signal intensity when all 
three parameters are compared with normal brain tissue on 
both T1- and T2-weighted images. The only other relatively 
common tissue constituent that behaves in a similar fashion 
in the central nervous system is fat, but its T2 relaxation is 
shorter. Therefore, MR can be a remarkably sensitive means 
of determining the presence of hematomas and a fairly specific 
means of characterizing subacute and chronic hematomas or 
their breakdown products. It is in the latter area that CT is 
relatively weak. Therefore, on a theoretic basis and, in fact, 
in our initial experience, it would appear that MR is an effective 
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means of providing specificity in patients who have CT and/ 
or Clinical findings that make them suspect for harboring an 
AVM. 

All AVMs demonstrated on MR images, with the exception 
of a single lesion, displayed evidence of previous hemor- 
rhage—high intensity on both T1- and T2-weighted images. 
(The single exception was hyperintense on the T2-weighted 
image but not included in the T1-weighted sequence because 
of a positioning error.) The absence of hemorrhage on MR, 
therefore, may be a sensitive indicator that one is dealing with 
pathology other than an angiographically occult AVM, in par- 
ticular, a neoplasm. The presence of hemorrhage, on the 
other hand, is suggestive of but not specific evidence for an 
AVM. It is seen in a small percentage of neoplasms but is 
much more common in vascular malformations. Although the 
diagnosis of AVM was only presumptive in six of our cases, 
the MR findings strongly favor that diagnosis over a low- 
grade neoplasm given the presence of hemorrhage. The latter 
event is a hallmark of higher grades of malignancy than those 
that occasionally mimic AVMs. Such more malignant lesions 
generally make themselves obvious in a shorter period than 
that (>3 years) used as a criterion in our presumed AVM 
cases. 

It is premature at this time to project the relative sensitivity 
of the two methods. However, this is an important question, 
for in the future it will determine which technique will be the 
“screening” study of choice. There were several limitations of 
MR encountered with this preliminary experience. There was 
a relative inability to detect the presence of calcium, a fairly 
frequent component of AVMs [2]. The MR studies also failed 
to detect pathologic vessels. This shortcoming may reflect 
the limited spatial resolution of this first-generation unit. In- 
herent contrast resolution of vessels is excellent with MR. 
Smaller pixel displays and thinner sections should, on theo- 
retic grounds, enable the imager to detect abnormal vessels 
with greater sensitivity. These same comments can also be 
applied to second-echo rephasing phenomena, which should 
serve to identify slow flow, either on the venous side or in the 
partly thrombosed vessels. 

The MR correlate of the enhancement seen on CT is difficult 
to identify accurately. The enhancement seen on CT often 
reflects contrast agent in the relatively increased vascular bed 
of an AVM. This hypervascularity is not apparent on MR 
images if it occurs at the capillary level. The enhancement of 
AVMs on CT may also reflect a blood-brain barrier (BBB) 
defect known to be associated with large vascular malfor- 
mations. The increased signal intensity seen on the MR 
Studies presumably represents a combination of both Sub- 
acute and/or chronic hematoma as well as increased water 
and decreased myelin content associated with dystrophic 
areas found in these lesions after BBB breakdown and/or 
hemorrhage. 

In those patients in whom CT has difficulty distinguishing 
between a slow-growing tumor and cryptic malformation, MR 
may prove to be of additional assistance. Our experience with 
neoplasms in general, as well as with the eight patients in this 
series specifically, indicates that MR in the presence of a 
malignant neoplasm usually shows a much larger area of 
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abnormality than appreciated on CT. In the case of the Cryptic 
malformations, the area representing the lesions was similar 
with both methods. In addition, nonhemorrhagic neoplasms 
have a relatively long T1 such that they appear as areas of 
low signal intensity on a T1 -weighted image, differentiating 
them from a subacute or chronic hematoma, which appears 
as an area of increased signal intensity due to the relatively 
short T1 relaxation time. 

The signal loss associated with calcific replacement of 
normal brain parenchyma was difficult to detect in our series. 
Inability to detect these areas reflects thickness of the sec- 
tions, limited resolution in the x and y plane (pixel size of 1.6 
x 1.6 mm), as well as the early part of the diagnostic learning 
curve on which we were operating. At the present time, it is 
undoubtedly easier to identify calcific deposit on CT. It re- 
mains to be seen whether with improved resolution and 
experience with MR this will remain true im the future. 

At the present time, MR is definitely a very useful technique 
in providing increased specificity. It is most useful in deter- 
mining whether a lesion with the CT characteristics of a cryptic 
malformation is in fact an AVM, as evidenced by hematoma, 
or more likely representative of a low-grade glioma. 
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Cytomegalic Inclusion Virus 
Encephalitis in Patients with 
AIDS: CT, Clinical, and Pathologic 


Correlation 





The computed tomographic (CT) scans of 10 patients with acquired immunodeficiency 
syndrome who had central nervous system (CNS) involvement by cytomegalovirus (CMV) 
were retrospectively reviewed and correlated with clinical data and pathologic findings. 
Diagnosis was established in all 10 patients by autopsy, which showed the pathogno- 
monic “owl’s eye” intracellular inclusions of CMV. In six patients CMV caused an initial 
CNS infection that was directly responsible for the patient’s progressive encephalopathy 
and death. In four patients CMV caused a superimposed nondominant CNS infection 
that had no clinical expression in two. Cortical atrophy and mild hydrocephalus ex vacuo 
were seen on CT in all 10 patients. Positive findings on CT that could be attributed to 
infection with CMV were present in only three of the 10 patients, and in these three 
symptomatic cases autopsy correlation revealed that CT underestimated the degree of 
CNS involvement. In the other three symptomatic patients, CT showed no parenchymal 
abnormalities, while autopsy demonstrated diffuse cerebral involvement. In the four 
patients whose CNS was secondarily involved by CMV, CT showed changes proven at 
autopsy to be related only to the dominant infection with Toxoplasma gondii and to 
postoperative hematomas. CT did not demonstrate any abnormalities at the sites of 
CMV involvement, which were found at autopsy in this latter group. It was conciuded 
that CT is not very sensitive for the detection of CMV encephalitis. 


Cytomegalovirus (CMV), a member of the herpesvirus family, exists in a latent 
form in a large percentage of the general adult population [1, 2]. When reactivated 
this virus most often causes a subclinical or mild infection resembling mononucle- 
osis [1, 3]. Less often encountered is the disseminated form of the disease, which 
can be fatal and which usually occurs in those with known causes of immuno- 
suppression [1-4]. Recently, severe infection with CMV has been reported in those 
with the acquired immunodeficiency syndrome (AIDS) [5]. Sites of CMV involvement 
have usually been outside the central nervous system (CNS), often in the respira- 
tory, gastrointestinal or genitourinary tracts, hematopoietic system, or liver [1, 2, 
4]. CMV meningoencephalitis, however, while quite uncommon, has been reported 
in immunocompromised hosts [3, 4, 6-8], including those with AIDS [5, 9-18], as 
well as in previously healthy adults [19-22]. 

While CMV encephalitis has been well described in the clinical and pathologic 
literature, it has not been reported frequently in the radiologic literature, either 
before or after the recognition of AIDS, despite radiologic articles on AIDS patients 
with CNS disease [23-28]. Recent experience at our institution [29] with 62 AIDS 
patients revealed that the CNS of 16% of these patients was affected by CMV. 
The paucity of radiologic literature on CNS CMV infections prompted us to review 
the CT sans in 10 patients with proven CMV encephalitis and correlate the CT 
findings with the clinical and pathologic material. 


Materials and Methods 


The cranial CT scans and autopsy records of 10 patients with CNS CMV were retrospec- 
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tively reviewed. Nine patients fit the criteria for AIDS established by 
the Centers for Disease Control. A presumptive diagnosis of AIDS 
was made in the other patient, a homosexual man with multiple 
opportunistic infections and an antibody-positive serum for the human 
T-cell lymphotropic virus, type Ill (HTLV-III). This man had been on 
long-term immunosuppressive therapy for dermatomyositis. 

All patients had plain and contrast-enhanced studies performed on 
the GE 8800 and/or 9800 CT/T scanners. The contrast examinations 
were performed with a double-dose technique, either immediately 
and/or after a 1 h delay from the time of intravenous injection. This 
technique involved the use of 79.3 g of iodinated contrast material. 


Results 
Clinical 


Patient ages ranged from 22 to 56 years (median age, 40 
years). Of the nine patients with definite AIDS, six were 
homosexual men, two were Haitian men, and one was a 
Haitian woman. The other patient was a homosexual man. 

In six patients CMV acted as the initial and dominant CNS 
infecting agent, directly accounting for their abnormal neuro- 
logic status and progressive clinical deterioration. In four 
patients CMV was not the primary source of CNS infection 
but was found secondarily infecting the brain. The coexistent 
CNS infections that were found in five patients were second- 
ary to Toxoplasma gondii in four, the papovavirus (Causing 
progressive multifocal leukoencephalopathy) in two, and a 
Gram-positive coccus in one. 

In those six patients whose neurologic deterioration was 
directly caused by CMV encephalitis, CNS symptoms were 
noted for 8 days to 3 months before admission. They included 
fever in six, altered mental status in six, progressive confusion 
in six (leading to coma in three), impaired memory in four, 
dementia with an inability to care for self in four, and a new 
onset of seizures in two. A steadily progressive encephalop- 
athy characterized the subsequent hospital course of these 
patients and resulted in death within 6 days to 8 weeks of 
hospital admission. 

Although a diagnosis of subacute viral encephalitis was 
entertained in most of these patients, a specific diagnosis of 
CMV could not be established antemortem. Results of lumbar 
puncture, performed in three of the six patients, were non- 
specific. Cerebrospinal fluid (CSF) protein was mildly elevated 
in all three. Glucose and cell count were normal. Bacterial, 
mycobacterial, fungal, and viral isolate cultures had no 
growth. CSF cytology revealed nonspecific inflammatory cells 
in two patients. Complement-fixation blood titers for CMV did 
not correlate with disease activity. Autopsy established the 
final diagnosis by showing intranuclear inclusions pathogno- 
monic of CMV in the brain of all six patients. CMV was also 
found in the spinal cord and spinal nerves in three patients 
and in the retina in two patients. There was evidence of 
disseminated CMV outside the CNS in every patient: CMV 
was seen in the lung in four, in the adrenals in three, in the 
gastrointestinal tract in one, in the lymph nodes in one, in the 
pancreas in one, and in the liver in one. 

In the four patients whose CNS was secondarily involved 
by CMV, initial CNS symptoms were caused by Toxoplasma 
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encephalitis. These symptoms resolved on long-term medical 
therapy. Autopsy in two of these patients, whose deaths were 
not CNS-related, revealed inactive Toxoplasma lesions, adja- 
cent to which there were very small and clinically insignificant 
foci of CMV. In the third patient autopsy showed that around 
a healing Toxoplasma lesion and a postbiopsy hematoma, 
there was extensive parenchymal and ventricular infection 
with a Gram-positive coccus, the latter believed to be the 
primary cause of the patient's death. Although not as preva- 
lent, foci of CMV were also found in the same areas and were 
believed to have contributed secondarily to the patient's 
neurologic decline. In the fourth patient, superimposed infec- 
tion with CMV was believed at autopsy to be the cause of 
the patient's final neurologic deterioration. 


Radiologic and Pathologic Findings 


CT showed parenchymal or ventricular abnormalities di- 
rectly related to CMV in only three patients, all of whom had 
symptomatic CMV encephalitis. The positive findings in the 
first patient consisted of diffuse subependymal enhancement, 
smooth and regular in outline, around the lateral ventricles 
(figs. 1A and 1B). This abnormal enhancement was best seen 
on the delayed double-dose scans, which showed denser and 
broader areas of contrast uptake. Autopsy confirmed these 
periventricular abnormalities, showing extensive destruction 
of the ependymal and subependymal regions (fig. 1C). Mi- 
croscopy revealed enlarged cells resembling an owl's eye (an 
appearance caused by the distension of the nucleus by intra- 
nuclear viral inclusions and by its surrounding halo) in the 
ependymal cells and subependymal astrocytes of the lateral 
ventricles (fig. 1D) and in the adjacent white matter. These 
Owl’s-eye cells were also found in areas that had appeared 
normal on CT, including the thalamus, hippocampus, and 
occipital lobe. Disseminated microglial nodules, a few with 
intranuclear inclusions, were also seen. Inflammatory re- 
sponse was only slight. 

In the second patient CT showed widespread white-matter 
disease associated with ventricular dilatation and cortical 
sulcal enlargement (fig. 2). At autopsy CMV was found dif- 
fusely throughout the brain and involved both white and gray 
matter. Intranuclear inclusions were seen in the oligodendrog- 
lia, neurons, and astrocytes. The areas of brain involvement 
by CMV were more extensive than expected from the abnor- 
malities noted on CT. 

A small enhancing cortical nodule was the-only parenchymal 
change found in the third patient, despite the presence at 
autopsy of diffuse parenchymal and subependymal involve- 
ment of the brain by CMV. This patient’s CT scan also showed 
ventricular dilatation and markedly enlarged low-density ex- 
traaxial spaces. The latter was found at autopsy to represent 
very dilated subarachnoid spaces, a reflection of the severe 
cortical atrophy caused by the CMV encephalitis. 

In the three other patients with symptomatic CMV enceph- 
alitis, CT showed only changes of mild atrophy, while autopsy 
demonstrated diffuse involvement of the brain by CMV, with 
both white and gray matter affected. 

In the four patients in whom CMV was not the primary 
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lateral ventricular angle and softening of subependymal white matter of cerebra 
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Fig. 1.—A and B, Initial double-dose-contrast axial CT scans 8 days before death. Marked, diffuse 
al section. Broadening and rounding of 
| hemispheres (/ong 





arrow) and corpus callosum (shori arrows) with extension of necrotic exudative tissue into frontal horn. D 
D. Microscopic section of lateral ventricles. Owl's-eye cells pathognomonic of CMV in ependymal cells 


(long arrow) and in subependymal astrocytes (short arrow). (H and E stain.) 





Fig. 2.—Delayed double-dose-contrast CT scan. Dif- 
fuse hypodensity of centrum se niovale bilaterally (ar- 
rows). 


infection, CT findings were related only to the dominant CNS 
infection with Toxoplasma gondii and to postoperative hem- 
orrhage. Figure 3 illustrates one of these cases. It shows that 
the CT appearance of the Toxoplasma lesions and the resolv- 


ing hematoma remained essentially unchanged over a 6 
month period of medical therapy. While autopsy confirmed 
the Toxoplasma lesions and the chronic hematoma, it also 
showed widespread changes of CMV in the frontal lobes, 
corpus callosum, hypothalamus, and ependyma of the lateral 
ventricles that were accounting for the patient’s neurologic 
deterioration. 

Common to all 10 patients in our series were the findings 
of diffuse enlargement of the cortical sulci and mild hydro- 
cephalus ex vacuo, which were believed at autopsy to be 
related to CMV in the six patients with symptomatic CMV 
encephalitis. 

In two recent patients with clinically suspected CMV en- 
cephalitis (not included in this series and not pathologically 
proven), magnetic resonance (MR) showed parenchymal ab- 
normalities in the white matter around the ventricles and in 
the centrum semiovale that were not evident on plain and 
contrast-enhanced CT scans [30]. 


Discussion 


Affliction of the CNS and/or peripheral nervous system by 
CMV, while distinctly uncommon in comparison with other 
organ involvement, has been reported in both the immunolog- 
ically normal and immunosuppressed adult [3-8, 8-22]. Con- 
ditions such as acute and chronic meningoencephalitis, cranial 
neuropathy, vasculitis, cerebral hemorrhage secondary to 
thrombocytopenia, subarachnoid hemorrhage, retinitis, mye- 
litis, brachial plexus neuropathy, and peripheral neuropathy 
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have all been attributed to CMV [3, 4, 6, 12, 14, 15, 19]. In 
AIDS patients who have progressive encephalopathy, often 
characterized by dementia, altered mental Status, and psy- 
chiatric problems, CMV has been either postulated as or 
proven to be a cause of this abnormal neurologic state [5, 9, 


11-14, 18]. When involving the brain, CMV has been seen to. 


induce either a dominant or a Superimposed infection [21, 25] 

Because of the infrequent involvement of the CNS by CMV 
and the protean clinical manifestations that may occur after 
CNS infection, CNS involvement by CMV has been difficult to 
diagnose Clinically [12, 14]. Laboratory studies, including CSF 
analysis and complement-fixation blood titers, have usually 
given nonspecific results [14]. Even at autopsy, Owl’s-eye 
cells characteristic of CMV have been difficult to identify 
[14]. Often the diagnosis of CMV encephalitis has rested on 
the nonspecific finding of diffuse microglial nodules [3, 7, 8, 
12, 14]. 
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>i oats Fig. 3.—A, Initial double-dose-contrast CT scan. 
` m Multiple enhancing lesions in both cerebral hemi- 
4 spheres, largest of which was in frontal lobe (arrow). 
T * B, Plain CT scan after diagnosis of Toxoplasma 
encephalitis had been established. Large hema- 
> toma (arrows) around left frontal lobe lesion, site of 
», biopsy. C, Delayed double-dose CT scan 5 months 
~ later with patient on medical therapy. Substantial 
decrease in size of enhancing left frontal lobe lesion 
© (black arrow). Ring enhancement of resolving he- 
matoma (white arrows). D, Gross specimen con- 
+. firmed small healing Toxopiasma lesion (straight 
white arrow) and chronic organized hematoma 
(Curved arrows) with extension into lateral ventricle. 
(a indicates artifact.) E, Micrascopic section. Owl's- 
» eye cells characteristic of CMV (arrow). Intranuclear 
~ inclusions were found at periphery of hematoma in 
+ cingulate gyrus (open arrows, D), around healing 
Toxoplasma lesion, in ependyma, and at other sites 
in cerebral hemispheres. (H and E Stain.) 





Radiologic studies, infrequently described in CNS CMV, 
have usually been nondiagnostic as well because of the lack 
of positive or specific findings [6, 10-12, 14, 26, 28]. Gener- 
alized atrophy with cortical sulcal and ven ricular dilatation 
has been the most commonly described CT abnormality [11, 
12, 14, 25, 26, 28, 31, 32], a nonspecific finding also seen 
frequently in AIDS patients having diseases other than CMV 
encephalitis [6, 23, 29]. While some of these patients with 
atrophy seen on CT had pathologically proven CMV enceph- 
alitis [11, 12, 25], most were only suspected [12, 14, 26, 28. 
31, 32]. 

CT abnormalities, other than atrophy, have included those 
secondary to parenchymal and subarachnoid involvement. 
Levy et al. [25] described an AIDS patient who had two ring- 
enhancing hemispheric lesions caused by Toxoplasma gondii 
and who later also developed two small ring-enhancing lesions 
in the cerebellum proven at autopsy to be caused by focal 
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CMV encephalitis. In the report of Snider et al. [12], marked 
hypodensity of the white matter bilaterally was seen in two 
AIDS patients with CMV encephalitis. Hawley et al. [10] 
reported an AIDS patient with CMV encephalitis whose CT 
scan just before death revealed subarachnoid hemorrhage 
but did not show changes of parenchymal necrosis secondary 
to CMV. 

In the literature reported to date, there has been, to our 
knowledge, no large series of AIDS patients who have had 
CT scans and pathologically proven CMV encephalitis. In the 
15 patients described by Bursztyn et al. [28] who had pro- 
gressive encephalopathy and CT scans showing cortical atro- 
phy, CMV was strongly suspected but the virus was not 
isolated. In the 18 patients reported by Snider et al. [12] (10 
of whom showed cortical atrophy on CT), definite histologic 
evidence of CMV was found in four. Recently, the HTLV-II 
virus has been postulated as a cause of some of these cases 
of unexplained encephalopathy [16]. While autopsy results 
strongly suggest that in otr six patients with symptomatic 
CMV encephalitis the atrophy was secondary to the CMV 
infection, the possibility that the HTLV-III virus may also have 
contributed to the atrophy cannot be excluded. 

Other CT findings in our series included periventricular 
enhancement and diffuse white-matter hypodensities. These 
abnormalities were not unexpected considering our autopsy 
results and reports in the literature that show that CMV 
sometimes affects the ependymal and subependymal cells 
and adjacent astrocytes of the white matter [3, 10] and that 
demyelination of the white matter can occur [3, 12, 14]. The 
periventricular region is, of course, well known to be the site 
of predilection in infants with congenital CMV [10]. On the 
basis of this autopsy correlation, it would seem prudent to 
include CMV encephalitis in the differential diagnosis of AIDS 
patients with progressive encephalopathy whose CT scans 
show either subependymal enhancement or white-matter dis- 
ease. 

These CT findings, of course, are not specific. Periventric- 
ular enhancement has been seen in AIDS patients with lym- 
phoma [23-25, 29] and cerebral toxoplasmosis [27] and in 
non-AIDS patients with various other tumors and infections. 
White-matter hypodensities have been observed in AIDS pa- 
tients with PML [23, 24, 28, 29] and in non-AIDS patients 
with a variety of degenerative and vascular diseases. Despite 
their lack of specificity, these CT abnormalities do localize 
disease for possible biopsy. 

Because of the frequent lack of positive CT findings in AIDS 
patients with CMV encephalitis, we recommend the use of 
MR when no discrete lesions are identified on CT. Our early 
experience with MR suggests that it can detect diffuse CNS 
lesions in AIDS patients that are not apparent on CT [30]. 
White-matter lesions are particularly well seen on MR and are 
evident at earlier stages of the disease than on CT. 

As a result of our study, we conclude the following: 

1. CMV should be recognized as one of the causes of 
encephalitis in patients with AIDS. 

2. Typically, it causes a orogressive encephalopathy, often 
characterized by dementia, and usually fatal. 
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3. CT is not a very sensitive imaging method in the detec- 
tion of CMV encephalitis. Scans are usually noncontributory 
or when positive underestimate the degree of CNS involve- 
ment. 

4. We suggest MR be used to aid in the early detection of 
this infection after initial CT has been performed. 
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Pituitary and Adrenal CT of 
Cushing Syndrome 





Determination of the site of excessive hormone production in Cushing syndrome is 
possible with biochemical tests in 80% of cases. High-resolution CT of both the pituitary 
and adrenal glands was used to evaluate eight patients with surgically verified ACTH- 
secreting pituitary microadenomas and one patient with ectopic Cushing syndrome. 
Three ACTH-secreting microadenomas were demonstrated by CT. Adrenal CT was 
normal in six of the eight patients with pituitary tumors. The patient with ectopic ACTH 
production had mild unilateral adrenal gland enlargement and a normal pituitary CT 
scan. Normal adrenal or pituitary CT scans do not exclude Cushing syndrome. 


The diagnosis of Cushing syndrome and the differentiation of pituitary, adrenal, 
and ectopic (i.e., outside the pituitary or adrenal) sites of excess ACTH or cortisol 
production are usually possible with endocrinologic tests [1, 2]. However, in 20% 
of cases, pituitary and ectopic sites of excess ACTH production cannot be distin- 
guished from one another by biochemical testing [2, 3]. 

The earliest experience with CT of the sella suggested that ACTH-secreting 
microadenomas had a different appearance than prolactin-secreting tumors [4, 5]. 
Thin axial sections with sagittal and coronal reformation were much less reliable in 
localizing ACTH-secreting than prolactin-secreting pituitary tumors (6, 7]. The 
results of imaging ACTH-secreting microadenomas with optimal techniques and 
direct coronal imaging have not been described. 

We evaluated the efficacy of high-resolution CT imaging of the pituitary gland in 
patients with surgically verified corticotropin-secreting neoplasms to determine 
whether ACTH-secreting microadenomas could be reliably detected. The adrenal 
glands of each patient were also studied with CT and the results correlated with 
pituitary images, laboratory data, and Clinical findings to help define the role of CT 
in differentiating ectopic and pituitary sites of excess ACTH production. 


Materials and Methods 


Cases selected for review had laboratory confirmation of Cushing syndrome, pathologic 
verification of a corticotropin-secreting neoplasm, and high-resolution CT studies of the 
pituitary and adrenal glands. Laboratory confirmation included at least elevated plasma 
cortisol, urinary 17-ketogenic steroids (17 KGS), 17-hydroxycorticosteroids (17-OHCS), and 
failure of low-dose (1 mg/24 hr) dexamethasone to suppress urinary 17-OHCS and plasma 
cortisol. 

CT scans were obtained on a General Electric 8800 or 9800 scanner. For pituitary imaging, 
42 g of either 30% or 60% iodinated contrast material was injected at about 30 ml/min into 
an antecubital vein via a 19 gauge needle while the patient was supine on the scanner table. 
When about half of the contrast material (21 g I) had been infused, the patient was positioned 
with the head hyperextended in a head-holder for direct coronal imaging of the pituitary gland. 
A lateral localizer image was obtained from which slice locations and gantry angulation were 
selected by means of a cursor and computer program. Contiguous images with 1.5 mm beam 
collimation were obtained from the tuberculum to the dorsum sellae. Technical factors for the 
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8800 scanner were 576 views, 120 kV, 600 mA, 9.6 sec scan time, 
and 3.3 msec pulse width code; for the 9800 scanner, 120 kV, 200 
mA, and 4 sec scan time were used. Single-level dynamic scans of 
the pituitary gland were obtained in three patients [8]. 

For CT imaging of the adrenal glands, 5-mm-thick contiguous axial 
scans were obtained. Intravenous and oral contrast material were 
not routinely used. Technical factors for the 8800 scanner were 576 
views, 5.6 sec scan time, 120 kV, 320 mA, and 3 msec pulse width 
code; for the 9800 scanner, 120 kV, 170 mA, and 3 sec scan time 
were selected. 

Pituitary gland height and appearance and infundibulum position 
were obtained from radiographic reports dictated by a neuroradiolo- 
gist (D. L. D., A. L. W., or V. M. H.) at the time of the initial examination. 
All pituitary scans were reviewed independently by a fourth neurora- 
diologist (K. W. P.). Adrenal CT scans were reviewed for this report 
by an abdominal CT radiologist (M. K. T.). 


Results 


Nine patients, all women 21-43 years old, constituted the 
study group. Eight subsequently had transsphenoidal resec- 
tion of an ACTH-secreting pituitary microadenoma. The ninth 
had Cushing syndrome presumably secondary to liver metas- 
tases producing corticotropin-releasing factor (CRF). 
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Fig. 1.—A, Well defined region of decreased con- 
trast enhancement within pituitary gland (arrow) to 
left of midline. Surgical exploration revealed “mucoid” 
basophilic adenoma at site of CT abnormality. B, 
Single-level dynamic scan of this patient revealed 
normal midline “pituitary tuft” (arrow). 


Fig. 2.—Two patients with proven basophilic ad- 
enomas. Pituitary gland enhancement is inhomoge- 
neous, but no focal hypodense mass can be detected 
in either case. 


CT images of the eight surgically proven pituitary microad- 
enomas demonstrated pituitary gland heights of 5.7-15 mm. 
Average gland height was 7.7 mm (2.3 mm SD). Two patients 
had a gland height greater than 10 mm. The superior border 
of the pituitary gland was convex in six, concave in two, and 
the infundibulum was midline in all eight. A focal, well defined 
region of decreased contrast enhancement within the pituitary 
gland was identifiable in three cases and was surgically 
confirmed as the site of the ACTH-secreting microadenoma 
(fig. 1A). Pituitary gland contrast enhancement was inhomo- 
geneous in the other five patients (fig. 2). Single-level dynamic 
scanning demonstrated a midline sinusoidal capillary bed 
(“tuft”) in two patients and no tuft in the third patient (fig. 1B). 

Six of the eight patients with pituitary microadenomas had 
normal adrenal CT scans. One patient had a prominent left 
adrenal gland with loss of the normal concave shape of the 
gland margins but no discrete mass (fig. 3). One patient with 
a 2 year history of signs and symptoms of Cushing disease 
had bilateral adrenal enlargement. Pituitary CT of this patient 
revealed a gland height of 15 mm and a focal low-attenuation 
zone in the posterior one-half of the gland. 

The patient with liver metastases developed adenocarci- 
noma of the colon after 14 years of ulcerative colitis and 
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Fig. 3.—Loop of unopacified bowel (solid arrow) 
lies adjacent to mildly hyperplastic left adrenal gland 
in patient with ACTH-secreting pituitary microade- 
noma. Right adrenal gland (open arrow) is normal. 


developed fulminant clinical signs of hypercortisolism over a 
2 month period. A CT scan of the pituitary gland at another 
institution was reportedly normal and was not available for 
interpretation. This patient had markedly elevated serum cor- 
tisol and a normal serum ACTH. After administration of 8 mg 
of dexamethasone, her serum cortisol level dropped from 59 
ug/dl to 22 (63% reduction). Abdominal CT revealed a prom- 
inent left adrenal gland and multiple hepatic lesions consistent 
with metastases (fig. 4). Biopsy of a liver mass revealed 
adenocarcinoma. Stains were positive for neurosecretory 
granules, but immunocytochemical stains for ACTH were 
negative. Subsequent peripheral blood sampling revealed a 
markedly elevated level of CRF, and it was presumed that 
Cushing syndrome was secondary to CRF production from 
liver metastases. 


Discussion 


Like others, we found CT unreliable for the detection of 
ACTH-secreting microadenomas, despite the use of the most 
sensitive CT techniques. Previous reports were based on 
axial images of the pituitary gland. It has been demonstrated 
that in comparison with direct coronal images, axial images 
of the pituitary gland have more partial-volume artifacts that 
can simulate a low-density process on a reformatted image 
[9]. We avoided these artifacts by using direct coronal imaging 
of the pituitary gland. The three low-density lesions identified 
on CT in our series corresponded to the adenomas at surgery. 
We detected no tumors with CT in the other five. Pathologic 
studies have shown that ACTH-secreting microadenomas 
frequently measure only 2-3 mm in diameter. Therefore, the 
best explanation for the failure of CT to demonstrate all ACTH- 
secreting microadenomas is small tumor size. Accurate meas- 
urements of the size of the tumors in our series were unavail- 
able because transsphenoidal surgical resection results in 
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Fig. 4.—Ectopic Cushing syndrome resulting from CRF-producing liver metastasis. A, Multiple hepatic 
metastases from colon adenocarcinoma. Right adrenal gland (arrow) is normal. B, Left adrenal gland is 
mildly enlarged (arrow), but no focal mass is evident within gland. 


pathologic specimens that consist of fragments of tumor, 
normal pituitary gland, and fibrous tissue. The small microad- 
enomas may be obscured by “noise” in the CT system. 
Conversely, system noise may also be interpreted as a low- 
density pituitary lesion. It is unlikely that our contrast infusion 
technique obscured ACTH-secreting tumors. Even dynamic 
scanning, which may demonstrate displacement of the “pitui- 
tary tuft” by a pituitary adenoma, was normal in the three 
cases in which it was done [8]. 

The normal appearance of the adrenal glands in six of eight 
patients with pituitary Cushing disease correlates well with 
autopsy data that demonstrated less adrenal hyperplasia from 
pituitary than from ectopic ACTH [10]. Bilateral adrenal en- 
largement was present only in one patient with pituitary- 
dependent Cushing syndrome. This patient had had signs 
and symptoms of Cushing disease for over 2 years, and the 
adrenal enlargement may have been secondary to prolonged 
ACTH stimulation. It is somewhat unusual that the patient 
with liver metastases had a normal right adrenal and only a 
mildly prominent left adrenal gland. Perhaps the short history 
of symptoms of Cushing disease accounts for the nearly 
normal appearance of the adrenals. Adrenal hyperplasia is 
difficult to detect with CT because enlargement of the adrenal 
cortex, which is normally only 2 mm thick, may not be evident. 

Diagnosis and classification of Cushing syndrome are usu- 
ally possible by endocrinologic tests. Positive high-dose dex- 
amethasone suppression (i.e., at least 40% reduction of uri- 
nary 17-OHCS after oral administration of 8 mg of dexameth- 
asone) is found consistently in patients with pituitary Cushing 
disease, but not in those with adrenal adenomas or carcino- 
mas [2]. About 20% of patients with ectopic ACTH production 
have a positive high-dose dexamethasone suppression test 
and cannot be distinguished from patients with pituitary Cush- 
ing disease by endocrinologic testing [2, 3]. CT of the adrenal 
and pituitary glands may help differentiate pituitary from ec- 


1238 


topic sites of ACTH production. Normal pituitary and adrenal 
CT scans help corroborate the diagnosis of pituitary Cush- 
ing disease in a patient with a positive high-dose dexameth- 
asone suppression test. CT demonstration of marked bilateral 
adrenal enlargement should suggest the possibility of ACTH 
production by an ectopic neoplasm, regardless of the results 
of high-dose dexamethasone suppression. A diligent search 
for a site of ectopic ACTH production should be performed if, 
in addition to bilateral adrenal enlargement, the patient is 
male, serum ACTH level is high, fulminant clinical hypercorti- 
solism is present, and the pituitary CT scan is normal. Al- 
though most cases of ectopic ACTH production occur in 
males with bronchogenic carcinoma, the syndrome may also 
be seen with lung or gastrointestinal carcinoid tumors, malig- 
nant thymoma, pancreatic islet-cell carcinoma, and medullary 
carcinoma of the thyroid [3]. CT of the adrenal glands may 
demonstrate an unsuspected liver, lymph node, or pancreatic 
tumor that is the site of excess ACTH production in cases of 
ectopic Cushing syndrome. 

CT of the pituitary gland does provide important information 
for the surgeon contemplating transsphenoidal surgery. In a 
patient with positive high-dose dexamethasone Suppression 
and normal adrenal CT, a well defined low-density region 
within the pituitary gland should be interpreted as a micro- 
adenoma. CT also demonstrates the relation of the tumor to 
the carotid arteries and the cavernous sinuses. The normal 
CT appearance of the pituitary gland should not be a contrain- 
dication to transsphenoidal exploration if the clinical setting is 
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appropriate and high-dose dexamethasome Suppression is 
positive. 
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Quantitative Analysis of 
Intracranial Circulation Using 
Rapid-Sequence DSA 





By using a high-frame-rate technique, intravenous digital subtraction angiography 
(IVDSA) of the intracranial circulation was performed in patients with transient ischemic 
attacks and asymptomatic bruits. Twenty patients with normal carotid arteries or mild 
stenosis of no hemodynamic significance were selected as a control group to evaluate 
the effect of carotid stenosis on the difference between hemispheres in the peak arrival 
time (ATMAX) of the contrast bolus. Data were obtained for the anterior (ACA), middle 
(MCA), and posterior (PCA) cerebral artery distributions. Raw data of the time-density 
curve in a region of interest were analyzed by polynomial curve-fitting techniques to 
obtain the peak arrival time (TMAX). The ATMAXs for normal middle, anterior, and 
posterior distributions were 0.140 + 0.119 sec, 0.152 + 0.146 sec, and 0.189 + 0.187 
sec, respectively. Eleven patients with tight carotid stenosis or occlusion whose ATMAX 
fell outside the normal range as established from the 20 control patients were analyzed 
with regard to ischemic symptoms. The ATMAXs of the MCA, ACA distributions in the 
asymptomatic patients with tight carotid stenosis or occlusion were 0.653 + 0.379 sec 
and 0.118 + 0.159 sec, respectively; p < 0.001 in the MCA when compared with controls. 
The ATMAXs of the MCA, ACA distribution in the symptomatic patients with tight carotid 
stenosis or occlusion were 1.31 + 0.13 sec and 0.525 + 0.079 sec, respectively; p < 
0.001 in the MCA and ACA distributions when compared with controls. Quantitative 
analysis of this type of physiologic data may enable the detection of patients with 
carotid stenosis who are well compensated by collateral flow from those who are poorly 
compensated and at risk for possible infarction on a hemodynamic basis. Serial follow- 
up DSA studies in patients with asymptomatic bruits may help to correlate the progres- 
sion of extracranial carotid stenosis and the status of intracranial collateral reserves. 


There are no well accepted criteria in the literature as to what constitutes a 
hemodynamically significant stenosis [1-3]. A lesion is certainly hemodynamically 
significant if there is a decrease in cerebral tissue perfusion distal to the stenosis. 
Because of the many potential collateral pathways via the circle of Willis, ophthalmic 
artery, and leptomeninges, the hemodynamic effect of a carotid stenotic lesion may 
not be accurately reflected by the morphologic information provided by selective 
injections on conventional angiography. Currently, a battery of noninvasive tests 
[4], conventional angiography, and intravenous digital subtraction angiography 
(IVDSA) are used in the evaluation of carotid stenosis; each method has its merits 
and limitations. Asymptomatic patients with major extracranial occlusive disease 
are occasionally encountered in clinical practice; the lack of ischemic symptoms 
presumably reflects an adequate collateral reserve. The surgical management of 
patients with carotid stenosis would be facilitated if patients with carotid stenosis 
could be separated into those who are well compensated by collateral flow and 
those who are not. The purpose of this study was to establish a normal baseline 
for the absolute difference between hemispheres of the peak arrival times (A TMAX) 
of the intravenous contrast bolus and to evaluate this measurement in the assess- 
ment of cerebral collateral reserves. 
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TABLE 1: Gender, Age, Reasons for Referral, and DSA Findings in Control Patients 





Case No. (age, gender) Reason for Referral History of TIAs DSA Findings 
WY o ctes so 34 Bk L amaurosis fugax; L jaw R hemisphere Normal 
numbness 
COG) 6 oiicdeeiwe ins Difficulty writing during TIAs L hemisphere 30% stenosis, origin R ICA 
cAra E > a. Vertigo; dizziness R hemisphere Minimal plaque, R carotid bifur- 
cation 
4(57,M)............. Migraine; L arm and leg weak- Both hemispheres Normal 
ness; R hand weakness 
1 a re Vertigo, ataxia, tinnitus Vertebrobasilar Normal 
oe | 3 yr history intermittent ataxia L hemisphere Minimal plaque, both carotid 
and unsteady gait bifurcations 
| O'S Transient numbness, R upper L hemisphere Normal 
extremity 
| | o ocriiaa. R arm and facial numbness: L hemisphere Normal 
transient dysarthria 
9(56,M)............. Aortic stenosis; dizziness and Vertebrobasilar Normal 
blurred vision 
U0) F] eorr atou Migraine headache: equivocal No Normal 
findings on noninvasive ca- 
rotid evaluation 
11 (56,M)............. Asymptomatic bilateral carotid No 20% stenosis, origin R ICA 
bruits 
4s | | e srsasiinra Asymptomatic L neck bruits No Normal 
WORSE) och bean bcs Blurring of L visual field: equiv- Equivocal history Normal 
ocal findings on noninvasive 
Carotid evaluation 
14 (68M)... kc ew, S/P 6000 rad (60 Gy) irradiation No Mild circumferential plaque at 
of neck for squamous cell CA both carotid bifurcations 
of parotid; equivocal findings 
on noninvasive carotid evalu- 
ation 
WOOF) cess ciaeeed: Vertigo; ataxia Vertebrobasilar Normal 
16(55,M).........2... Asymptomatic R neck bruits No Normal 
U7 (S9,F) onc cnc cans Asymptomatic R neck bruits No Normal 
WO(GOVF) ook ec ca Asymptomatic L neck bruits No Normal 
19(60,M)............. Transient weakness, R arm Yes Normal 
20 (48,M) S/P ligation of R ECA for prior No Ligated R ECA; normal R ICA 
trauma; asymptomatic R 
neck bruit 





Note.—DSA = digital subtraction angiography; TIA = 
post; CA = carcinoma. 


transient ischemic attack; L = left; R = right; ICA = internal carotid artery; ECA = extemal carotid artery; yr = year; S/P = status 


TABLE 2: Gender, Age, Clinical History, and DSA Findings in Patients with High-Grade Stenosis or Occlusion of Internal Carotid 


Artery 
Case No. (age, gender) Reasons for DSA Study DSA Findings 











LEOLA | Bilateral carotid bruits; left upper and lower ex- 90% stenosis in origins of right CCA and right 
tremity weakness ICA 
24 E are Asymptomatic bruits Total occlusion of left ICA at origin 
3 (74M) Asymptomatic bruits; preoperative for aorto- Occlusion of right ICA 
femoral bypass surgery 
4 (62,M) Recurrent carotid stenosis: transient aphasia >90% stenosis of left ICA origin 
3d a E Recent Broca and Wernicke aphasia 99% stenosis of left ICA; 20% Stenosis of right 
ICA 
OSOM) eid dx doan vee eaae Asymptomatic bruits; preoperative for coronary Complete occlusion of left ICA at Origin 
artery bypass surgery 
rA TE. ETEEN Asymptomatic bruits; history of retinal emboli >90% stenosis at origin of right ICA 
OGUM] oeratu Asymptomatic bruits; recurrent carotid steno- 90% stenosis in right CCA; <50% stenosis in 
sis; S/P endarterectomy left ICA origin 
FGO M) o os esoiandiraNa 1-month history of right amaurosis fugax Occlusion of right ICA 
PGE E ce ea 4 Asymptomatic bruits 95% stenosis of right ICA 
TV (GSM) oc ee cc ee un, Asymptomatic bruits 95% stenosis of right ICA 






Note.—DSA = digital subtraction angiography; CCA = common carotid artery; ICA = 












internal carotid artery; S/P = status post. 
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Relative Contrast Density 





Fig. 1.—A, ROIs for MCA (1 and 2), PCA (3 and 4), and ACA (5 and 6) 
distributions-are outlined. This AP image has been integrated from four frames 
for better demonstration of intracranial vascular anatomy. B, Raw data ( pluses) 
and polynomial fit (solid line) of transit of contrast bolus in right MCA distribution 
in case 15 (table 1) with normal carotid artery bifurcation and normal cardiac 


Subjects and Methods 


Twenty patients with normal carotid arteries or mild stenosis of no 
hemodynamic significance as determined by right (RAO) and left 
(LAO) anterior oblique views of the extracranial and siphon portions 
of the carotid arteries were selected as a control group. These 
patients were referred for evaluation of transient ischemic attacks 
(TIAs) (11 patients), asymptomatic bruits, or equivocal findings on 
noninvasive carotid evaluation (nine patients). The gender, age, per- 
tinent clinical history, and DSA findings are listed in table 1. Similar 
information on 11 patients witn high-grade extracranial carotid ste- 
nosis or occlusion is listed in table 2; of these, seven were asymp- 
tomatic and four symptomatic. There was no history of stroke or 
significant stenosis in the contralateral carotid artery in this group of 
patients. 

DSA studies were performed with a General Electric DF 3000 
digital Fluorocon system mounted on LU/A angiographic arm. All DSA 
studies were performed with superior vena cava injection through a 
catheter introduced via the antecubital vein. Renografin 76 was 
injected at 20-25 ml/sec for a total of 40 ml. Technical factors used 
in the low-dose, high-frame-rate intracranial runs were 75-90 kVp, 
300 mA, and exposure times measuring 12-24 msec; the exposure 
at the image intensifier was set at 200 wR (0.052 nC/kg)/frame [5]. 
The patient was positioned supine, with the canthomeatal line per- 
pendicular to the examination table. Anteroposterior (AP) runs were 
performed with 10°-15° caudocranial angulation. The caudocranial 
angulation was used to ensure that the proximal portion of the 
posterior cerebral arteries was projected below the transverse sinus. 
The run was terminated wher washout of contrast bolus from the 
venous sinus was nearly complete. In a patient with normal cardiac 
output, a run would typically require 60-65 frames at four frames/ 
sec. For morphologic information, the intracranial vascular anatomy 
was optimized by remasking and integration of images. The image 
data after digitization were transferred from disk to magnetic tape for 
off-line processing. Regions of interest (ROIs) were outlined on the 
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Time Density Curve 


Relative Contrast Density 


| MAXIMUM = 48.9 


4 E 8 10 12 14 
SECONDS 





output. Final upswing of curve beyond raw data points is function of curve- 
fitting technique; it does not represent recirculation. C, Polynomial fit comparing 
right (2P) and left (1P) MCA territory in same patient. Disaepancy in maximum 
on Y axis between B and C is from computer normalization of region 1P and 
2P to same maximum value for easier visual comparison. 


CRT screen for defining the anterior (ACA), middle (MCA), and 
posterior (PCA) cerebral vascular distribution (fig. 1A). Precautions 
were taken to avoid inclusion of a major venous sinus from the ROI. 
The time-density curves of each ROI encompassing the distribution 
of each major cerebral artery territory were obtained to generate the 
peak arrival time of the contrast bolus (TMAX) in that vascular 
distribution. Raw data of the time-density curves were analyzed by 
both gamma variate [6] and the polynomial curve-‘itting techniques. 

Time parameters describing the arrival of intravenous contrast 
bolus included TMAX, time to half peak (T HMxX), and mean transit 
time (MTT) and were generated by gamma variate fit. The polynomial 
fit only generated TMAX and THMX parameters. Recent work in our 
laboratory has shown that all these time parameters are sensitive to 
vessel stenosis. The time-density curves were normalized when side- 
to-side comparisons were made. Scaling constamts were not used 
so negative values appear on the Y axis. The difference between time 
to peak (A TMAX) was used rather than absolute numbers to minimize 
the effect of veiling glare, geometric distortion, and image lag in the 
image intensifier. Of 20 patients in the control group, the gamma 
variate fit and the polynomial fit yielded comparabre results by visual 
inspection of the curves in 12 patients, while the polynomial fit was 
superior to the gamma variate fit in the other eight patients. Since 
the TMAX from the polynomial fit approximated the peak from the 
raw data better than the gamma variate fit, TMAX generated by 
polynomial fit was used throughout this study for side-to-side com- 
parison and for all statistical analyses. The raw deta and the polyno- 
mial fit for the transit of the contrast bolus in the MCA distribution of 
a patient with normal carotid bifurcation and normal cardiac output 
have the configuration of a typical indicator dilution curve (fig. 1B). 
Recirculation had not occurred during the time interval of data acqui- 
sition. The polynomial fit comparing the right and left MCA territory 
in the same patient is illustrated on figure 1C. The angiogram, IVDSA, 
and the polynomial fit of a patient with tight extracranial carotid 
stenosis are illustrated in figure 2. Statistical analyses were performed 
using the Student t test. 
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C 


Fig. 2.—Case 5 (table 2). A, Conventional angiogram. 
Tight stenosis involving proximal left internal carotid artery 
(large arrow). Diminution in caliber of intracranial carotid 
distal to high-grade stenosis (small arrow). B, |VDSA shows 
same finding. High-grade stenosis in proximal left internal 
carotid artery (arrow). C, Polynomialifit comparing right and 
left MCA distribution. 1P = left MCA; 2P = right MCA 


TABLE 3: ATMAX for Each of the Three Major Vascular Territories in Asymptomatic and Symptomatic Control Groups 





Mean ATMAX in sec (SD) 














Anterior Cerebral Artery Postemor Cerebral Artery 





Group No. of Patients 
a o o Middle Cerebral Artery 
PSVITHHOMBUG 5.5 once eee SS 9 0.093 (0.079) 
Symptomatic ............. 11 0.186 (0.133) 
Combined ............... 20 0.140 (0.119) 





0.097 (0.084) 
0.191 (0.171) 
0.152 (0.146) 


0.126 (0.059) 
0.230 (0.229) 
0.189 (0.187) 





Note.—ATMAX = absolute difference between hemispheres of peak arrival times of intravenous bolus of contrast material. 


TABLE 4: ATMAX for Each of the Three Major Vascular Territories in Asymptomatic and Symptomatic Patients with Unilateral Tight 


Extracranial Carotid Stenosis or Occlusion 


a E Se 5 a E a a SE eg SES 


Mean ATMAX in sec (SD) 








Group No. of Patients 
| Middle Cerebral Artery 
Asymptomatic ............ 7 0.653 (0.379) 
Symptomatic roco 6.44 sees 4 1.31 (0.137) 





Anterior Cerebral Artery 


0.118 (0.159) 
0.525 (0.079) 


Postenor Cerebral Artery 


0.235 (0.265) 
0.245 (0.06) 














Note.—ATMAX = absolute difference between hemispheres of peak arrival times of intravenous bolus of contrast material. 


Results 


In the normal control group, ATMAX and its standard 
deviation for each of the three major vascular territories as 
derived from polynomial curve-fitting technique are shown in 
table 3. The ATMAX in each of the three major vascular 
territories demonstrated no significant statistical difference 
between the symptomatic and asymptomatic subgroups for 
MCA, PCA, and ACA distributions. These two subgroups, 


therefore, were combined for subsequent statistical analysis. 
For this analysis, ATMAX was defined to be abnormal if it 
was greater than 2 SD from the mean in these 20 controls. 
The ATMAX and its standard deviation between the two 
hemispheres for the MCA, ACA, and PCA distributions in 11 
patients with high-grade stenosis or occlusion are shown in 
table 4. While there is no significant difference in the ATMAX 
in the PCA distribution for the symptomatic and asymptomatic 
abnormal subgroups, a significant differemce was demon- 
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A 


Fig. 3.—Case 8 (table 2). A, Preoperative IVDSA. High-grade stenosis in proximal right internal 
carotid artery (arrow) in patient wrh asymptomatic bruit. B, Finding confirmed on conventional 
angiogram. C, Gamma variate fit demonstrating \TMAX of 1.15 sec on preoperative study between 
two MCA territories, right slower than left. 1:T(PK) = TMAX of left MCA distribution; 2:T(PK) = 
TMAX of right MCA distribution; MTT = mean transit time; T(HMX) = time required for contrast 
bolus to reach one-half peak value. D, Postoperative gamma variate fit in MCA territory. ATMAX 
is now 0.18 sec. Discrepancy of deta along Y axis between pre- and postoperative studies was 
from difference in performance characteristic of image intensifier between two studie 
volume of contrast material was used for these studies. Using similar window and centering, 


s. An identical 
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Time Density Curve 


Relative Contrast Density 





Relative Contrast Density 


MAXIMUM = 


vascular structures in preoperative study appeared darker on CRT screen than in postoperative ae ae: 


study. Absolute difference between peak and troughs is not that dissimilar between two studies. 


strated for the MCA and ACA distributions (p < 0.01). The 
ATMAX of the MCA territory in patients with carotid occlusive 
disease was significantly different from the control group 
whether the patient was symptomatic or asymptomatic (p < 
0.001). The ATMAX of the ACA territory showed a significant 
difference only between symptomatic abnormal and control 
groups (p < 0.001), not between asymptomatic abnormal 
and control groups. The ATMAX of the PCA showed no 
significant difference between any of the groups. Expressed 
slightly differently, the symotomatic abnormal patients dem- 
onstrated significant ATMAX in both the MCA and ACA 
distributions when compared with control patients, whereas 
the asymptomatic abnorma patients demonstrated significant 
ATMAX only in the MCA distribution. The mean ATMAX in 
the MCA and ACA distribu-ions of the symptomatic patients 
with carotid occlusive disease were about 9 and 3.5 times 
that of the normal control, respectively. 

Serial pre- and postendaterectomy studies were available 


SECONDS 





for analysis in two patients. One patient (case 8) had a history 
of an asymptomatic bruit on the right side, and both preop- 
erative IVDSA and standard intraarterial angiography dem- 
onstrated high-grade stenosis on the right (figs. 3A and 3B). 
The preoperative ATMAX in the MCA distribution was 1.15 
sec, right delayed compared with left (fig. 3C). The postop- 
erative study demonstrated a widely patent proxima right 
internal carotid artery. ATMAX in the MCA distribution in the 
postoperative study decreased to 0.18 sec, which is in the 
normal range (fig. 3D). This indicated the hemodynamic effect 
of the stenosis had been corrected. One patient (case 3) had 
a symptomatic bruit caused by a 95% stenosis of the right 
internal carotid artery. ATMAX in the MCA distribution was 
1.42 sec, with the right side delayed compared with the left. 
After a superficial temporal artery-MCA bypass, the ATMAX 
in the MCA decreased to 0.55 sec, indicating the henody- 
namic effect of carotid stenosis had been partially compen- 
sated by surgery. 
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Discussion 


Cerebral ischemic symptoms result from hemodynamic or 
embolic processes; the latter account for most symptoms, 
although the two processes can operate concomitantly. While 
there is no general agreement in the literature as to what 
constitutes a hemodynamically significant carotid stenosis, 
one may consider a lesion to be hemodynamically significant 
in the cerebral circulation if it results in compensatory meas- 
ures such as the recruitment of collateral circulation [7], low 
regional cerebral blood flow (rCBF), or an impaired rCBF 
response to induced hypercapnia [8]. The ideal method to 
estimate the functional tissue perfusion is direct determination 
of cerebral blood flow in vivo. Various techniques, including 
rCBF with xenon inhalation techniques [8], xenon-enhanced 
CT brain scan [9], positron emission tomography with O' 
[10], and single-photon emission tomography [11] are being 
investigated with the potential of fulfilling this function. How- 
ever, even a normal rCBF does not indicate to what degree 
collateral reserve has been used. There is also poor correla- 
tion between morphologic information obtained from standard 
intraarterial angiography and functional tissue perfusion [12]. 
A gross estimate of the adequacy of collateral blood supply 
can be obtained by measurement of carotid back pressure 
either intraoperatively [13] or preoperatively with an occlusion 
balloon at the time of carotid angiography [14]. 

Rapid-sequence IVDSA complemented by curve-fitting 
techniques is capable of providing accurate TMAX for side- 
to-side comparison of intracranial perfusion. This technique 
holds promise for providing physiologic information about 
carotid stenosis and the adequacy of collateral cerebral blood 
flow. Comparison of ATMAX between the two hemispheres 
provides a rough but global estimate on the effects of collat- 
eral circulation distal to an occluded artery because this 
technique simultaneously delivers contrast material into the 
territory distal to the occlusion from all possible collateral 
sources. In our normal controls, the ATMAXs were 0.14 Sec, 
0.15 sec, and 0.19 sec in the MCA, ACA, and PCA distribu- 
tions, respectively. Without computer analysis and curve- 
fitting techniques, it would be extremely difficult to diagnose 
accurately side-to-side differences since visual comparison of 
raw data is inadequate. In patients with carotid occlusive 
disease, direct demonstration often can detect the discrep- 
ancy between the two hemispheres, but accurate documen- 
tation of the TMAX can still only be determined graphically. 
The circle of Willis provides the most efficient collaterals and 
may not significantly increase ATMAX. Anatomic anomalies 
[12] or acquired disease in the circle of Willis can potentially 
decrease this collateral pathway, resulting in an increased 
ATMAX. Sequential increases in ATMAX between the two 
hemispheres on follow-up examinations provides an index of 
depletion of the more efficient collateral pathways, and pa- 
tients with this trend may eventually be at risk for infarction 
on a hemodynamic basis. In patients with symptoms of cer- 
ebral ischemia, identification of this hemodynamic factor does 
not eliminate a possible embolic etiology since these two 
etiologies are not mutually exclusive. 

The “intracranial determinants” that affect the configuration 
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of the time-density curves include but are not limited to several 
factors: functional capacity or the presence of an anatomic 
anomaly in the circle of Willis, the existence of collateral 
pathways through the ophthalmic artery, the presence of 
leptomeningeal collaterals, and the peripheral resistance of 
the vascular bed distal to the circle of Willis. Clinical evidence 
suggests that asymptomatic patients with hemodynamically 
significant internal carotid stenoses (defined as 87% reduction 
in the diameter or greater than 30% reduction in internal 
carotid blood flow) [7] have a lower cerebrovascular resist- 
ance than their symptomatic cohorts, due to autoregulation. 
Delay in the transit of contrast bolus and perhaps ischemic 
symptoms would occur after the maximal dilatation and re- 
cruitment of the more efficient collaterals had been exhausted. 
This situation probably occurred in our four symptomatic 
patients with tight carotid stenosis or occlusion where both 
MCA and ACA distributions were affected. In the seven 
asymptomatic patients, significant delay in the transit of con- 
trast bolus only occurred in the MCA distribution. There are 
two implications of these findings: (1) inability to redistribute 
blood across the anterior communicating artery between the 
two ACA territories is a contributing factor to ischemic symp- 
toms and (2) a significant reduction in TMAX of the ipsilateral 
MCA and ACA territories combined represents an absolute 
delay in the transit of contrast material (and therefore blood) 
into that hemisphere. Transit of contrast material cannot be 
equated with tissue perfusion, but our limited data do suggest 
a correlation between ischemic symptoms and significant 
delay in the transit of contrast bolus through the entire hemi- 
sphere. 

Our data showed a clear separation in the transit of contrast 
material in the MCA distribution between the control popula- 
tion and those patients with stenotic or occlusive carotid 
disease whether or not they were symptomatic. The asymp- 
tomatic patients with unilateral stenosis er occlusion have 
clearly drawn on the more circuitous collaterals as indicated 
by about four times greater MCA ATMAX between the hem- 
ispheres. In addition, the symptomatic patients with stenotic 
or occlusive carotid disease showed a further increase in the 
ATMAX by a factor of 2 compared with similar asymptomatic 
patients. At what level the collateral Supply is exhausted and 
cerebral ischemia and infarction result has not been deter- 
mined. In patients with cerebral ischemia but without blood- 
brain barrier disruption, the difference in the mean parenchy- 
mal transit time of iodinated contrast material in the MCA 
territory of the two hemispheres obtained by dynamic CT 
scanning [15] was very similar to our results. Of note is that 
in the series of Takahashi et al. [1 9], all patients who suffered 
cerebral infarction had an interhemispheric difference in the 
MCA territory exceeding 1.6 sec. The ATMAX measurement 
may provide a valuable index of the collateral status, espe- 
cially in asymptomatic patients with tight carotid stenosis. 
Serial ATMAX determinations may prove valuable in following 
asymptomatic patients. In this manner, each patient serves 
as his own control for longitudinal follow-up. A pattern of 
progressively increasing ATMAX would perhaps indicate 
either an absolute decrease in the potential collateral blood 
supply or increased dependence on the more circuitous col- 
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laterals. This may be a rationale for prophylactic surgery. 

There are several important limitations in this technique. 
The methodology involves comparison of the two hemi- 
spheres; therefore, detection of an abnormality depends on a 
difference between them. For example, if both carotid arteries 
have significant stenosis, the side-to-side comparison is less 
useful and may not detect a significant delay in TMAX. A 
second major limitation is related to poor cardiac output or 
large central blood volume; this leads to a prolongation or 
flattening of the peak of the contrast bolus [16], reducing the 
sensitivity of TMAX in detecting interhemispheric differences. 
The third major limitation is from the phenomenon of “inter- 
hemispheric steal,” resulting in interhemispheric redistribution 
of cerebral blood flow [17, 13]. This phenomenon could result 
in no significant difference in the ATMAX in a patient with a 
unilateral high-grade stenosis. Since there is experimental 
evidence to support the fect that the MCA distribution is 
protected at the expense ot other vascular territories by the 
phenomenon of interhemispheric redistribution, a significant 
ATMAX in the MCA would suggest that the redistribution 
potential from collateral sources may be approaching its limit. 
It should be reiterated that this technique does not yield 
quantitative blood flow. At zhe expense of being more inva- 
sive, this technique could be used in aortic arch injections, 
which would decrease the effect of poor cardiac output and 
large central biood volume. 

In summary, there are several potential clinical applications 
of this technique: (1) Patients with carotid stenosis could be 
divided into those who are well compensated by collateral 
flow (i.e., with symmetric TMAX) and those who are poorly 
compensated (i.e., with large ATMAX). The latter may be at 
risk for possible infarction on a hemodynamic basis. The 
identification of this subgroup could be important if the pa- 
tients are being evaluated preoperatively for major vascular 
reconstructive procedure with a potential of intraoperative 
hypotension. (2) Serial follow-up studies could be conducted 
of patients with asymptomatic bruits to correlate the progres- 
sion of extracranial stenosis with the status of intracranial 
collateral blood supply. (3) The hemodynamic effects of ca- 
rotid endarterectomy or extraintracranial bypass surgery 
could be evaluated. It is important to emphasize that the 
presence of an abnormally increased A TMAX does not mean 
a cerebral vascular accident is imminent, nor does it provide 
blood flow data. It simply gives an index of diminished collat- 
eral cerebral blood supply cr increased dependency on more 
circuitous collaterals. Documentation of serial prolongation of 
ATMAX in the MCA distribution may be an indication for 
prophylactic surgery in patients with asymptomatic bruits. 


DSA ANALYSIS OF INTRACRANIAL CIRCULATION 


1245 


REFERENCES 


1. May AG, DeWeese JA, Rob CG. Hemodynamic effects of arterial 
stenosis. Surgery 1963;53:513-524 

2 Archie JP, Feldtman RW. Critical stenosis of the internal carotid 
artery. Surgery 1981 °89:67-72 

3. Berguer R, Hwang NHC. Critical arterial stenosis, a theoretical 
and experimental solution. Ann Surg 1974;180:39-50 

4. Ackerman RH. Non-invasive carotid evaluation. 
1980;11:675-678 

5. Enzmann DR, Djang WT, Riederer SJ, et al. Low-dose, high- 
frame-rate vs. regular-dose, low-frame-rate digital subtraction 
angiography. Radiology 1983;1 46: 669-676 

6. Thompson HK, Starmer CF, Whalen RE, Mcintosh HD. Indicator 
transit time considered as a gamma variate. Circ Res 
1964:14:502-515 

7. Archie JP, Feldtman RW. Collateral cerebral vascular resistance 
in patients with significant carotid stenosis. Stroke 1982;13:829- 
831 

8. Norrving B, Nilson B, Risberg J. rCBF in patients with carotid 
occlusion. Resting and hypercapnic flow related to collateral 
pattern. Stroke 1982;13:1 55-162 

9. Meyer JS, Hayman LA, Amano T, et al. Mapping local blood flow 
of human brain by CT scanning during stable Xenon inhalation. 
Stroke 1981;4:426-436 

10. Ito M, Lammertsma AA, Wise RJS, et al. Measurement of re- 
gional cerebral blood flow and oxygen utilization in patients with 
cerebral tumors using O° and positron emission tomography. 
Neuroradiology 1982;23:63-74 

11. Bonte FJ, Stokely EM. Single photon tomographic study of 
regional cerebral blood flow after stroke: concise communication. 
J Nucl Med 1981;22:1049-1053 

12. Jawad K, Miller JD, Wyper DJ, Rowan JO. Measurements of 
CBF and carotid artery pressure compared with cerebral angiog- 
raphy in assessing collateral blood supply after carotid ligation. 
J Neurosurg 1977;46: 185-196 

13. Archie JP. Hemodynamics of carotid back pressure and cerebral 
flow during endarterectomy. J Surg Res 1977 ;23: 223-232 

14. Enzmann DR, Miller DC, Olcott C, Mehigan JT. Carotid back 
pressures in conjunction with cerebral angiography. Radiology 
1980;134:415-419 

15. Takahashi N, Kikuchi H, Karasawa J. Dynamic CT in patients 
with superficial temporal-middle cerebral artery anastomosis. 
AJNR 1983;4:454-457 

16. Burbank FH. Determinants of contrast enhancement for intrave- 
nous digital subtraction angiography. Invest Radiol 
1984;19[Suppl S115] 

17. Awad |, Little JR, Modic MT, Furlan AJ. Intravenous digital 
subtraction angiography: an index of collateral blood flow in 
internal carotid artery occlusion. Stroke 1982;1 3:469-472 

18. Meyer JS, Nakajima S, Okabe T, et al. Redistribution of cerebral 
blood flow following STA-MCA bypass in patients with hemi- 
spheric ischemia. Stroke 1982;1 3:774-784 


Stroke 


1246 


Radiologic-Pathologic Correlation 
Conference: SUNY Upstate Medical 
Center 





Germinal-Cell Tumor of the Pineal Gland 
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This is the seventh in a series of Radiologic-Pathologic 
Correlation Conferences from the State University of New 
York (SUNY) Upstate Medical Center at Syracuse. Dr. 
Thomas P. Naidich, Professor of Radiology at Northwestern 
University School of Medicine and Director of Neuroradiology 
at the Children’s Memorial Hospital, Chicago, was the radio- 
logic consultant. The conference was moderated by Dr. Edwin 
D. Cacayorin, Associate Professor and Chief of Neuroradiol- 
ogy at SUNY Upstate Medical Center. Dr. Gary Stein, resident 
in diagnostic radiology, prepared the clinical resume. 

Dr. Gary Stein.—The patient is a 15-year-old white male 
who complained of sudden onset of frontal headaches, 
blurred vision, dizziness, nausea, and vomiting, which had 
begun the previous day. His past medical history and systems 
review was noncontributory. Physical examination showed 
the patient to be alert and afebrile with stable vital signs. His 
speech and memory were intact. His pupils exhibited only 
trace reaction to light, but accommodation response was 
preserved. Visual acuity and visual fields were intact. Fundo- 
scopic examination showed slight blunting of the nasal mar- 
gins of the optic discs, suggesting a possible increase in 
intracranial pressure. A marked paralysis of upward gaze and 
retraction nystagmus were also noted. Motor and sensory 
examinations were normal. Laboratory examinations of blood 
and urine were also within normal limits. 

Dr. Thomas P. Naidich.—The initial radiographic examina- 
tion (Fig. 1) is a noncontrast CT scan of the head showing 


dilatation of the lateral and third ventricles. The fourth ventricle 
is normal. These findings suggest obstruction to the flow of 
cerebrospinal fluid between the third and fourth ventricles. A 
large, hyperdense, ovoid mass indents the back of the third 
ventricle and the left thalamus. It displaces anterolaterally 
what appears to be a pineal body calcification. The collicular 
plate is compressed on another image. Together, these find- 
ings strongly suggest a calcified or hemorrhagic mass in the 
pineal region. 

The most common tumors of the pineal region in a young 
male are germinoma and teratoma [1, 2]. Germinomas are 
typically well-defined, homogeneously iso- or hyperdense, 
densely-enhancing masses. The pineal body is commonly 
calcified, and it is surrounded and displaced by the noncalci- 
fied tumor behind it [3, 4]. Intratumoral cysts and calcifications 
occur uncommonly [4]. 

Pineal teratomas are usually well-defined, rounded to lob- 
ulated, inhomogeneous masses that contain areas of dense 
calcification and highly lucent fat. They may be cystic. Their 
enhancement is variable. The pineal body is less commonly 
calcified in teratomas than in germinomas $5]. 

Pineocytomas and pineoblastomas, true tumors of pineal 
tissue, are much less common than either germinoma or 
teratoma, and show no gender predilection. They are usually 
isodense to hyperdense, densely-enhaneing masses and 
often exhibit intratumoral calcifications as the mass enlarges 
[3]. Cyst formation is very rare [4]. Embryonal carcinomas, 
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Fig. 1.—Noncontrast CT scan ot head shows dilatation of lateral and third 
ventricles and hyperdense mass in region of pineal, which involves medial 
border of thalamus and quadrigemir al plate. 


endodermal sinus tumors, and choriocarcinomas are less 
common but more malignan: germ-cell tumors that may occur 
in this region. 

By statistics, the most likely diagnoses are pineal germi- 
noma and pineal teratoma. ff we believe that the intratumoral 
density is calcification, we should favor a diagnosis of tera- 
toma and hold out the unlikely possibility of pineocytoma or 
pineoblastoma. If we believe that the intratumoral density is 
hemorrhage, we should suggest the likelihood of a pineal 
germinoma. Since we know that one of the highly malignant 
pineal germ-cell tumors is choriocarcinoma, that choriocarci- 
nomas commonly bleed, and that they may even present with 
acute hemorrhage [6], we can also hold out a possibility of a 
pineal tumor containing choriocarcinoma. 

In this patient, a follow-up CT scan 5 days later (Fig. 2) 
shows decreasing attenuation in the portion of the tumor that 
was most dense previously. This indicates that the major 
component of the initial mass was hemorrhage, not calcifica- 
tion. The separate, round pineal-body calcification is displaced 
to the right. Therefore, | favor a diagnosis of germinoma. 

One month later, an image from a dynamic CT study (Fig. 
3) demonstrates a round, well-defined zone of decreased 
density anterior to the vein of Galen and within or adjacent to 
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Fig. 2.—Noncontrast CT scan of head 5 days later shows less density in 
region of pineal compared to earlier examination, suggesting that hemorrhage 
contributed to initial density. 


the posterior aspect of the third ventricle. The entire mass is 
smaller, perhaps reflecting the effects of treatment. The lucent 
zone may represent either a cyst within the tumor, cystic 
evolution of the prior hemorrhage, or, conceivably, a large 
thrombosed vessel, as in an aneurysm or arteriovenous mal- 
formation. On follow-up CT scans, pineal teratomas may 
exhibit fat that was not present on earlier scans. Pineal 
teratomas may also exhibit vascular components that resem- 
ble arteriovenous malformations. 

Arteriography was then performed, probably to rule out 
thrombosed aneurysm, arteriovenous malformation, or an 
exceptionally vascular pineal tumor. A frontal view in the 
arterial phase from a vertebral arteriogram (Fig. 4) shows 
mildly increased vascularity and asymmetric mass effect in 
the pineal region but no evidence of aneurysm or arteriove- 
nous malformation. 

CT cisternography with metrizamide (Fig. 5) documents a 
filling defect in the peripineal cistern that corresponds to the 
lucent zone and mass shown previously. The entire mass is 
smaller, again suggesting at least partially successful therapy. 

In summary, in this young male, the serial studies indicate 
a mildly hypervascular pineal tumor with asymmetrically dis- 
placed calcification of the pineal body, intercurrent hemor- 
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Fig. 3.—Dynamic CT scan of head shows well-circumscribed low-density 
cystic mass surrounded by markedly enhancing soft-tissue mass. 


rhage, later cyst formation, and overall decrease in tumor 
size, probably as a result of therapy. In my opinion, the most 
likely diagnosis is pineal germ-cell tumor, probably germi- 
noma. We cannot rule out other, more malignant, germ-cell 
tumors, perhaps with a component of choriocarcinoma, to 
help explain the hemorrhage. 

Dr. Stein.—Spinal fluid (CSF) obtained immediately prior to 
cisternography showed normal glucose and protein. Culture 
and cytology were negative. CSF protein was normal, and 
serum alpha-fetoprotein and carcinoembryonic antigen (CEA) 
were negative. Human chorionic gonadotropin (HCG) was 
elevated (54 mnu/ml, normal = 0-1 mnu/ml), and spinal fluid 
beta HCG was 3060 mnu/ml (normal <3 mnu/ml). 

Dr. William Stewart, the attending neurosurgeon, will dis- 
cuss the operative findings. 

Dr. William A. Stewart.—The Surgery was performed via a 
posterior occipital approach. A cystic structure with a yellow 
covering was brought into view on the left of the midline. 
Upon opening the cyst, we noted a small amount of thick fluid 
and what appeared to be old hemorrhage. The cavity was 
relatively avascular. The lesion had the appearance of a tumor 
that was infiltrating the thalamus. The Superior portion was 
easily separable from the thalamus, but a plane of separation 


Fig. 4.—Frontal view from vertebral arteriogram shows increased vascularity 
(arrows) behind collicular plate. 


was not identified inferiorly or medially. The lesion was noted 
to extend inferiorly into what appeared to be the upper 
midbrain. The left basal vein of Rosenthal was displaced 
inferiorly by the lesion. Several pieces of the lesion were 
removed by ring biopsy forceps, and at that time the Cavity 
appeared decompressed. 

The cyst containing yellow fluid could be either a proteina- 
ceous cyst or a cyst related to previous hemorrhage. The 
lack of a cleavage plane between the lesion and the midbrain 
Suggests invasion of, or origin from, the midbrain. The red 
cells and white cells in the spinal fluid are bothersome and 
may represent a reaction to earlier hemorrhage. 

Dr. Cacayorin.—Dr. Michael Kanzer from the Neuropa- 
thology Section of the Department of Pathology will now 
present the pathologic findings. 

Dr. Michael Kanzer.—Figure 6 is a representative field of 
tumor tissue taken at the time of Surgery showing two pop- 
ulations of cells. One cell group has an amorphous cytoplasm, 
open nuclei with clumped chromatin, prominent nucleoli, and 
a high mitotic rate. The other group of cells has dark nuclei 
and larger cells that appear to be nesting, occasionally forming 
trabecular structures, giving the appearance of syncytial tro- 
phoblastic giant cells (Fig. 7). These are multinucleated cells, 
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Fig. 5.—CT cisternogram with me-rizamide shows hyperdense mass (arrow) 
in left peripineal cistern representing a solid portion of tumor. 


and in some areas they appear to be enveloping the other 
cells. This pattern is typical for malignant germ-cell neoplasm, 
most likely embryonal cell carcinoma. Embryonal cell carci- 
noma quite often has a two-cell population. It may be undif- 
ferentiated, growing in sheetlike masses, or in a trabecular 
structure forming a complicated cordlike arrangement. The 
presence of syncytial trophcblastic giant cells suggests that 
either choriocarcinoma elements may be present or that 
benign trophoblastic differentiation has occurred, as is often 
seen in the testicular tumors of similar histology. This can 
result in a serum HCG spike as seen in this patient. 
Histopathologically, tumors of the pineal differ considerably. 
The pineal germinoma, analog of testicular seminoma or 
ovarian dysgerminoma, is a tumor of two populations of cells: 
large parenchymal cells with open nuclei and lymphocytes. 
No secondary structure is formed. The pineocytoma is a 
mature tumor that tends to mimic the normal pineal gland. 
Like the germinoma, it contains large parenchymal cells with 
open nuclei. In addition, there is a certain mixture of neuroglial 
cells similar to that found in the normal pineal. A silver stain 
of a pineocytoma will show club-shaped cytoplasmic proc- 
esses that orient around bicod vessels. Pineoblastoma is a 
primitive neuroectodermal tumor arising from a poorly differ- 
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Fig. 6.—Tumor is composed of cords and sheets of pleomorphic cells, 
occasionally forming glandular spaces. This pattern of germ-cell tumor is 
consistent with embryonal carcinoma (H and E x200). 





Fig. 7.—Syncytiotrophoblastic giant cells are present throughout umor. 
These cells stain positively for human chorionic gonadotropin by immunooerox- 
idase technique (X200). 


entiated or undifferentiated spongioblast, a primitive neuro- 
epithelial cell. Histologically, it is identical to medulloblastbma. 
The site of tumor origin helps to determine whether to identify 
a lesion as a pineoblastoma or a medulloblastoma. In adattion, 
any of the other germ-cell tumors, such as embryonal carci- 
noma, yolk-sac (endodermal sinus) tumor, teratoma, and cho- 
riocarcinoma, may occur in the pineal gland. 

This patient had an elevated HCG but did not have evicence 
of alpha-fetoprotein (AFP) production. A 1977 study from the 
National Cancer Insitute compared serum levels of AFF and 
HCG with cellular staining of germ-cell tumors of the testes 
using an indirect immunoperoxidase technique [7]. This study 
showed that seminoma and teratoma generally produce nei- 
ther AFP nor HCG unless the tumor contained syn=ytial 
trophoblastic giant cells. Choriocarcinoma produced only 
HCG, endodermal sinus tumor produced only AFP, anc em- 
bryonal cell carcinoma usually produced both AFP and HCG. 
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However, 27% of the 15 embryonal carcinomas of the testes 
in this study did not produce AFP. When we subjected this 
tumor to immunoperoxidase staining for markers, we found 
it to be HCG positive and AFP and CEA negative. This staining 
pattern is diagnostic of an embryonal carcinoma with syncytial 
trophoblastic differentiation. 

Dr. Cacayorin.—After surgical intervention and identifica- 
tion of the nature of the tumor, the patient was referred for 
radiation therapy. Dr. Pankaj Dalal of the Radiation Oncology 
Division will discuss the radiotherapeutic aspects of this case. 

Dr. Pankaj S. Dalal.—Malignant germ-cell tumors are con- 
sidered among the most radiosensitive tumors, and pineal 
germ-cell tumors often grossly disappear after a fractionated 
dose of 3000 rad in 3 weeks [8, 9]. Pineal tumors frequently 
seed to the cerebrospinal axis [10], with a 10% risk for the 
total group of pineal tumors, a 37% risk of seeding from 
Suprasellar pinealoma, and a greater than 50% risk for ger- 
minoma [11]. 

Since patients with elevated HCG and elevated alpha- 
fetoprotein often fare poorly, a treatment regimen of wide- 
field cranial irradiation followed by systemic chemotherapy 
was devised. Although no striking improvements have been 
noted with the addition of chemotherapy in the past, newer 
regimens containing actinomycin D, vinblastine, cisplatin, or 
bleomycin have shown promise in treating extragonadal germ- 
cell tumors other than dysgerminomas [12]. The entire intra- 
cranial ventricular system was treated through parallel op- 
posed fields to 4000 rad in 4 weeks over 31 elapsed days 
using an 18-MeV linear-accelerator unit with a 10-MeV proton 
beam. The known tumor volume was boosted with a small 
field to a total dose of 5600 rad, in 200-rad fractions, in 51/2 
weeks. The patient tolerated the course of treatment well. 
His CSF and serum HCG levels fell continuously during the 
treatment period, returning to normal values and remaining 
normal to date. He was started on chemotherapy 28 days 
after the completion of his irradiation. He has been seen for 
routine follow-up and continues to be disease-free on Clinical 
reevaluation 27 months from the date of his diagnosis. 

Dr. Cacayorin.—Dr. Stephen Graziano from the Oncology 
Section of the Department of Medicine will now discuss the 
chemotherapeutic implications. 

Dr. Stephen Graziano.—Pineal region tumors make up 
0.4% to 1.0% of intracranial tumors in the United States and 
Europe [13, 14] and about 4% of intracranial tumors in Japan 
[15]. Germ-cell tumors are considered to account for more 
than 50% of tumors in the pineal region [16] and appear to 
be analogous to those in the retroperitoneum and anterior 
mediastinum [13]. Germinomas, like their testicular counter- 
parts the seminomas, are quite radiosensitive, and treatment 
with ventriculoperitoneal shunting and radiotherapy has 
yielded 5-year survival rates of 50% to 80% [4, 11, 16-20]. 
However, this approach is inadequate for nongerminomatous 
pineal region tumors. 

Recent reviews of intracranial embryonal carcinoma (includ- 
ing yolk-sac tumor) show that, of the approximately 45 well- 
documented cases in the literature, only three long-term 
Survivors are reported to be alive at 1, 51⁄2, and 7 years [21, 
22]. One patient reported in 1968 was treated with radiother- 
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apy alone [2], and the other two were treated with radiother- 
apy and chemotherapy consisting of vincristine, actinomycin 
D, and cyclophosphamide [22-24]. Similarly, a review of 
primary intracranial choriocarcinoma reveals an additional 35 
cases with six long-term survivors alive at 18 to 48 months 
[25, 26]. All long-term survivors were treated with a combi- 
nation of initial resection or biopsy, radiotherapy, and chemo- 
therapy. Chemotherapy was not uniform but included agents 
with activity against germ-cell tumors. One patient was saved 
after an initial relapse with a combination of vinblastine, bleo- 
mycin, cisplatin, and doxorubicin [27]. Of the entire group of 
patients with nongerminomatous pineal germ-cell tumors, 
most patients (71/80) died of postoperative complications or 
of local recurrence within 1 year of diagnosis. 

Because of the grave prognosis of these lesions with 
surgery and radiation alone, we elected to employ adjuvant 
systemic chemotherapy even though serum and cerebrospi- 
nal fluid beta-HCG levels had normalized after surgery and 
radiotherapy. The combination of cisplatin, bleomycin, and 
vinblastine was chosen because of the success with this 
regimen in the treatment of adult testicular carcinoma [28] 
and extragonadal germ-cell tumors [12]. In addition, dramatic 
responses to cisplatin, bleomycin, and vinblastine have been 
reported with recurrent germinomas, and pharmacokinetic 
studies performed here have shown significant levels of bleo- 
mycin and cisplatin in the cerebrospinal fiuid [29, 30]. While 
the experience with this regimen in children is limited, it may 
offer an advantage over actinomycin D, which is known to 
enhance radiation toxicity [31, 32]. 

Relapse after 2 years from diagnosis is uncommon in germ- 
cell neoplasms of testicular origin [28], and the natural history 
of nongerminomatous pineal tumors appears to be similar, 
with most recurrences occurring within 1 year. Thus, the 
chance for cure in our patient is excellent. While the best 
approach to treating germ-cell tumors of the pineal region is 
not established at this time, it appears that for germinoma, 
ventriculoperitoneal shunting and radiotherapy alone achieves 
90% to 80% cure rates. In this setting, chemotherapy is 
reserved for patients with recurrent disease. For patients with 
nongerminomatous tumors, the combination of initial surgical 
exploration for biopsy, radiotherapy, and chemotherapy and 
careful monitoring of serum and CSF markers may provide 
the optimal therapy for these lethal neoplasms. 

Dr. Cacayorin.—Dr. David Streeten, Professor of Medicine 
and Chief of the Endocrinology Section, will now discuss the 
endocrinologic manifestations of pineal tumors. 

Dr. David H. P. Streeten.—Pineal tumors may give rise to 
several different endocrine abnormalities [33]. The pineal 
normally produces a substance called melatonin, a relatively 
newly studied hormone. Light contacting the retina leads to 
hypothalamic stimulation of the beta receptors of the pineal 
gland, which inhibits melatonin production. When light no 
longer enters the retina, this inhibitory response disappears 
and melatonin secretion rises. Melatonin has been found to 
inhibit gonadotropin production. Pineal tumors that interfere 
with melatonin production may lead to excessive gonadotro- 
pin release, which results in precocious puberty in some 
individuals, particularly young males [34]. On physical exam- 
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ination, it is difficult to detect precocious puberty in a male of 
15, and our patient had no such history. 

Choriocarcinoma and embryonal carcinoma of the pineal 
may lead to HCG elevation. HCG (human chorionic gonado- 
tropin) is a polypeptide hormone produced by syncytiotro- 
phoblast cells of the normal placenta but also by choriocarci- 
nomatous tissue. In males, HCG can stimulate the Leydig 
cells of the testicles leading to increased production of tes- 
tosterone. This patient’s serum beta HCG was elevated, and 
after treatment it fell rapidly to normal levels. His testosterone 
concentration was not measured. Pineal tumors can spread 
through the third ventricle tc the hypothalamic area and can 
cause diabetes insipidus by affecting the supraoptic nucleus. 
Such spread of the tumor méy also cause hypogonadism and 
even panhypopituitarism. 

Secondary hypothyroidism was also probably present in 
this young man. His serum tnyrosine concentration (T4) was 
borderline low. His serum triiodothyronine concentration (T3) 
was low, 48 ng/dL (normal = 52-160 ng/dL). Despite these 
low levels of thyroid hormone, which would normally stimulate 
thyroid stimulating hormone (TSH) production, his serum TSH 
concentration was perfectly normal, implying that the low 
thyroid hormone levels were not stimulating TSH production 
but on the contrary were the consequence of an inadequate 
(i.e, low) TSH level in the first place. These findings implied 
the presence of impaired pituitary release of TSH, presumably 
resulting from infiltration of malignant tissue into the hypo- 
thalamus of the anterior pituitary. 

Dr. Cacayorin.—Germinoma and teratoma should be the 
two major diagnostic considerations when a hemorrhagic and 
cystic pineal or parapineal mass is encountered in a young 
male. Both could present as iso- or hyperdense lesions that 
show contrast enhancement. Calcification is much more com- 
monly encountered with teratoma. Hemorrhagic and infiltrat- 
ing tendencies indicate compdnent malignant tissue elements, 
such as choriocarcinoma and embryonal carcinoma. Our pa- 
tient presented with elevated serum HCG and markedly ele- 
vated CSF beta HCG but negative CSF and serum AFP and 
CEA, signifying the presence of syncytiotrophoblastic ele- 
ments. Final histologic diagnosis was embryonal carcinoma 
containing syncytiotrophoblastic differentiation. 

This article illustrates the multifaceted radiologic, clinical, 
and biochemical behavior of germ-cell tumor of the pineal 
gland. The serum and cerebvospinal fluid biochemical altera- 
tions need to be determined to detect component functional 
tissue elements. 
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Renal Calcium Deposition in 
Children: Sonographic 
Demonstration of the Anderson-Carr 


Progression 





The Anderson-Carr theory of renal-stone formation, based on cadaver studies, pos- 
tulates the aggregation of calcium at the tips and margins of the renal pyramid. 
Progressive calcium deposition is followed by the formation of calcium plaques, which 
may perforate the calyx and form a nidus for further stone growth. This theory has not 
been demonstrated in vivo. We studied 50 children with conditions leading to nephro- 
calcinosis with renal sonography. Seven of these had high-resolution CT. Twenty-four 
positive sonographic examinations were used to study patterns of calcium deposition 
in the kidney. Nephrocalcinosis was confined to the medulla and was found at the 
margins of the pyramid, at the fornix, or throughout the entire pyramid. Five children 
showed calcium plaques in or near the calyx. The sonographic pattern identified appears 
to provide an in vivo demonstration of the Anderson-Carr progression of renal-stone 
formation. 


Patterns of calcium deposition in normal cadaver kidneys of children and adults 
have been described at microscopy [1, 2] and by high-resolution radiography of 
tissue slices [3, 4]. These studies suggest that in the presence of abnormally high 
calcium excretion, microaggregates of calcium present in the normal kidney in- 
crease in size and rupture into calyces to form calculi (the Anderson-Carr-Randall 
theory of stone formation) [3, 4]. 

Radiography has failed to detect the Anderson-Carr-Randall progression of renal- 
stone formation in vivo [5]. Since sonography and computed tomography (CT) are 
more sensitive to the presence of calcium in the kidney than is conventional 
radiography [6, 7], we studied the pattern of calcium deposition in the kidney in 
children predisposed to renal calcification, we used sonography and CT to deter- 
mine if the pattern was compatible with the Anderson-Carr progression of calculus 
formation. 


Materials and Methods 


An initial group of 10 children who were predisposed to nephrocalcinosis were examined 
by real-time renal sonography. When calcium deposition in the kidney was suspected because 
of the presence of hyperechoic foci (seven patients), the kidneys were studied with high- 
resolution nonenhanced CT. A fourth-generation CT unit was used. Sections were 5 mm 
thick. The children had the following conditions: vitamin-D therapy (2), hypercalciuria (1), 
diabetes insipidus (1), glycogenosis-! (1), and medullary sponge kidney (2). This group proved 
that the hyperechoic areas were due to calcium deposition. 

A second group of 40 children (35 boys and 5 girls, ranging in age from 2 months to 20 
years) with diseases associated with nephrocalcinosis was then studied by renal sonography 
without CT. Seventeen of these showed nephrocalcinosis and were selected for further 
study. These patients had the following conditions: vitamin-D (Rocaltrol) therapy for various 
forms of rickets (7-25 ng/kg/day) (10), idiopathic hypercalciuria (>4 mgm/kg/24 hr) (4), 
medullary sponge kidney (1), diabetes insipidus (1), and hyperparathyroidism (1). None had 
urinary tract infection. All sonographic studies were performed by a pediatric radiologist, 
using 5-MHz or 7.5 -MHz transducers. 


1254 


B 


In both groups, the localization and pattern of deposition of calcium 
were noted and compared with the description of calcium deposition 
reported by Anderson [1], Carr [3], and Bruwer [4]. Plain abdominal 
radiographs were also compared when available (11 patients). 


Results 


Renal hyperechogenicity was confined to the medulla in all 
24 patients in whom it was demonstrated. Four patterns of 
hyperechogenicity were identified: (A) a faint hyperechogenic 
rim around the sides and the tip of the pyramid (Figs. 1A and 
2); (B) a more intense echogenic rim with echoes faintly filling 
the entire pyramid (Figs. 1B and 3); (C) intense echoes 
throughout the pyramid (Figs. 1C and 4); and (D) a solitary 
focus of echoes at the tip of the pyramid near the fornix (Figs. 
1D and 5). 

Pattern A was noted in 12 children. pattern B in three 
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Fig. 1.—Diagram of four patterns of 
renal medullary caicium deposition seen 
at sonography. Patterns A-C represent 
increasing stages of calcium deposition 
beginning in the periphery of the renal 
pyramids. Pattern D shows stone forma- 
tion at fornices. 


Fig. 2.—Pattern A. 9-year-old boy with 
medullary sponge kidney complicated by 
nephrocalcinosis. A, Longitudinal sono- 
gram of right kidney: note thin rim of 
hyperechoic material (arrows) around 
several pyramids. more concentrated 
near fornices. B, CT confirms the pres- 
ence of medullary calcium (arrows). 





children, pattern C in four children, and pattern D in five 
children. Acoustic shadowing was seen only in patterns C 
(two of four patients) and D (three of five patients), and 
associated with marked hyperechogenicity (Figs. 1 and 5). 


Discussion 


Recently, Stapleton et al. [5] studied 23 children with 
microscopic hematuria and hypercalciuria. Because the urine 
cleared when hypercalciuria was cured, the author concluded 
there was urothelial injury caused by microscopic stones that 
were not detectable by conventional radiography. 

Plain films of the abdomen are not highly sensitive for the 
detection of calcium in the kidneys. Sonography is known to 
be more accurate [5]. CT confirmed the presence of calcium 
in seven patients in whom it was suspected on sonography. 
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Fig. 3.—Pattern B. 17-year-old girl 
with polyendocrinopathy and hypopara- 
thyroidism treated since age 2 with vita- 
min D and for the past 5 yr with Rocaltrol 
(calcitriol) (15 „g/kg twice a day). Sono- 
gram of right (A) and left kidney (B), dem- 
onstrating hyperechoic rim around pyra- 
mids (arrows), most marked at fornices. 
Centers of pyramids are faintly hyper- 
echoic. 
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Fig. 4.—Pattern C. 7-month-old boy with glycogenosis | and nephrocalcinosis since birth. A, Sonogram of right kidney showing hyperechoic pyramids (arrow), 
with less echogenic center. B, CT confirms presence of calcified pyramids. (arrow). The center of each pyramid appears to contain less calcium than the periphery. 


Fig. 5.—Pattern D. 11-year-olc boy 
with hypercholesterolemia and a porto- 
caval shunt. A, Sonogram of right k dney 
showing hyperechoic foci (arrow) with 
acoustic shadows in the tips of the pyra- 
mids (fornices), suggesting presence of 
calcium. B, CT confirms the presence of 
calcium. 


A 


Randall [8], Anderson and MacDonald [2], and Carr [3] 
described calcareous deposits at the tips or sides of pyramids 
at microscopy in normal child and adult cadaver kidneys. 
Bruwer outlined identical deposits in cadaver kidney slices 
using high-resolution radiocraphy [4]. These authors postu- 
late that the concentration of calcium is high in fluids about 





B 


the renal tubules and that calcium is normally removed from 
this area by lymphatic flow. If the calcium load exceeds the 
lymphatic capacity, microscopic calcium aggregates occur in 
the medulla, mainly at the tips of the fornix and at the margins. 
They may fuse to form plaques (“Randall's plaque”) and 
migrate toward the calyceal epithelium, finally perforating 





A B 








Fig. 6.—The spectrum of nephrocalcinosis is demonstrated on the sonogram of a 7-year-old boy with vitamin-D-resistant rickets treated with Rocaltrol (15 ug/ 
kg twice a day) for 5 yr. A, Sonogram of the left kidney showing pattern B nephrocalcinosis (arrow). B, Sonogram of the right kidney showing a small stone at 
edge of dilated calyx (arrow). C, Longitudinal sonogram showing a stone impacted in dilated distal right ureter (arrow). 


through it. Thus a nidus for urinary stones is provided. Bruwer 
termed this process the Anderson-Carr-Randall progression 
of calculus formation. 

Our patients all had diseases that predisposed them to 
nephrocalcinosis. At sonography, 24 of the 50 children had 
hyperechoic pyramids. Seven had CT and two had plain 
abdominal films that proved the abnormality was due to 
calcium deposition. It is likely that the hyperechoic foci in the 
others were also due to calcium deposition. The patterns of 
calcium deposition seen in this group of patients appear to 
follow the Anderson-Carr-Randall progression, since the ex- 
Clusively medullary hyperechogenicity corresponds to Bru- 
wer’s description [4]. Pattern D resembles the most common 
type of calcium deposition described by Bruwer: “a fan shaped 
pattern of calcific streaks focusing on the tip of the renal 
papilla.” Patterns A and B resemble the plaques of calcium at 
the sides of the pyramids described at microscopy by Ander- 
son [1] and at tissue-slice radiography by Bruwer [4]. The 
patient illustrated in Figure 6 appears to demonstrate the 
whole progression; faint peripyramidal calcification, perfora- 
tion of a stone into a calyx, and a stone in the distal ureter. 

It is not surprising that calcium is predisposed to precipitate 
first in the tips of the pyramids. The mineral content of the 
kidney increases progressively to reach peak concentrations 
in the fornix [9]. In the presence of hypercalciuria or acid-base 
disturbances, both the preferential accumulation of calcium in 
the fornix and the relative insolubility of calcium salts predis- 
pose to supersaturation and precipitation. 

The reason calcium precipitates along the sides of the 
pyramids is uncertain. The concentration of calcium de- 
creases more proximally in the medulla, thus reducing the 
likelihood of local calcium supersaturation. Whether progres- 
Sive crystallization from the nidus found at the fornix is favored 
by anatomic or physiologic characteristics of the sides of the 
pyramids is unknown. 

Formation of a thin band of calcification at the base of the 
pyramid is also difficult to explain. Such a band of precipitation 
has recently been shown by CT scan at the corticomedullary 
junction in a patient with hyperparathyroidism [10]. Such a 
pattern of calcium deposition has been documented in animals 
fed neutral phosphates [11] or alpha-protein diets [12]. Cal- 
cium deposits were located at the outer stripe of the medulla. 


PTH-induced hypercalciuria ensued in the rats that were fed 
neutral phosphates but not in those fed only alpha-protein. In 
both instances, nephrocalcinosis corresponded to the pyram- 
idal base calcification found in our patients, but no explanation 
for this specific localization of calcium deposition was found. 
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Extracorporeal Membrane 
Oxygenation: Radiographic 
Appearance of the Neonatal Chest 





The chest radiographs of 26 newborns treated with extracorporeal membrane oxy- 
genation (ECMO) for intractable respiratory failure were reviewed. The typical radi- 
ographic appearance of the lungs in these patients is that of diffuse pulmonary opaci- 
fication with variable volume loss. Air bronchograms and patchy basilar atelectasis are 
also common findings. Generally, decreasing ECMO requirements were reflected in 
improving chest radiographs with radiographic improvement lagging behind clinical 
improvement. Of 167 chest radiographs available for evaluation, 105 (62.8%) reflected 
changes in ECMO flow rates. Radiographs in patients with individual diagnoses of 
hyaline membrane disease, meconium aspiration syndrome and sepsis showed the best 
correlation with clinical improvement (95 [69%] of 137 radiographs). Those obtained in 
patients with congenital diaphragmatic hernia and persistent pulmonary hypertension 
of the newborn alone showed the poorest correlation (10 [30%] of 30 of radiographs). 
Neither the absolute degree of radiographic abnormality nor degree of radiographic 
improvement correlated well with ECMO requirements. Initial radiographs were useful 
in confirming the position of bypass cannulae and respiratory tubes. Routine daily 
examinations did not reveal unexpected abnormalities. However, radiographs taken 
during periods of increased ECMO requirements due to patent ductus arteriosus or 
volume overload showed worsening lung opacification. 


Intractable respiratory failure caused by meconium aspiration, persistence of 
fetal circulation, congenital diaphragmatic hernia, and respiratory distress syndrome 
is the most common cause of neonatal death [1, 2]. Although these conditions are 
generally self-limited or reversible, standard treatments (high-fraction-inspired O2 
[FIO2] and airway distending pressures) often contribute to acute lung damage or 
to subsequent development of bronchopulmonary dysplasia [3]. Extracorporeal 
membrane oxygenation (ECMO) is a relatively new alternative therapy by which 
oxygenation and CO, removal can occur outside the patient through a semiperme- 
able silicone membrane, thus bypassing the lungs and allowing them time to heal 
and mature. During ECMO, the patients remain endotracheally intubated and 
receive minimal respiratory support. As part of the intense monitoring that these 
patients require, serial chest radiographs are obtained to assess placement of 
vascular cannulae and tubes and to evaluate potential problems such as the 
development of pneumothorax, pleural effusions, heart failure, or volume overload. 
We present our experience with serial chest radiographs in 26 such patients. 


Materials and Methods 


The clinical records and chest radiographs of 26 patients placed on ECMO between June 
1984 and July 1985 were retrospectively analyzed. Their diagnoses are listed in Table 1. All 
patients had the diagnosis of persistent pulmonary hypertension of the newborn (PPHN). 
Each radiograph was evaluated for degree of aeration and pulmonary opacification, presence 
of air bronchograms, and cardiac and diaphragmatic silhouette definition. Scoring of the 
abnormalities was performed using a grading scheme reported by Giedion et al. [4]. Radi- 


1258 


TABLE 1: Correlation Between Radiographic Improvement and 
Decreasing Flow Requirements by Diagnosis 


Eee 








No. of Chest 
X-rays 
Diagnosis Saab of a tx seak 
rates Evaluated ECMO" 
Flow Rate 
(%) 
Congenital diaphragmatic 
hernia 2 15 6 (40) 
Meconium aspiration syn- 
drome 13 89 65 (73) 
PPHN alone 2 15 4 (27) 
Hyaline membrane disease 7 36 22 (61) 
Sepsis 2 12 8 (67) 
Total 26 167 105 (63) 


Note.—All patients had diagnoses of persistent pulmonary hypertension of the newborn 
(PPHN). 
* ECMO = Extracorporeal membrane oxygenation. 


ographic improvement was defined as any improvement in overall 
score. Correlation was made between simultaneous chest radi- 
ographs and ECMO flow rates (percentage of cardiac Output diverted 
to bypass). 

Since ECMO may cause complications, it is a therapy of last resort 
for infants with severe respiratory failure who have failed to respond 
to maximal conventional therapy. Criteria for use of the procedure at 
our hospital include: a diagnosis of PPHN; a weight of >2000 g; 
maximal medical therapy including high FIO; and pressure settings 
on the respirator; and severe ventilation perfusion mismatch as 
measured by alveolar-arterial oxygen gradients (AaDO2) of >610 for 
8 hr or more. This degree of arterial desaturation was found to be 
associated with a 79% mortality rate in infants treated before ECMO 
became available [5]. Infants with intracranial hemorrhage, structural 
heart disease or major congenital abnormalities were excluded from 
ECMO therapy. 

An incision is made in the neck and two perfusion cannulae are 
placed: one into the right atrium and another into the common carotid 
artery so that its tip is at the origin of the brachiocephalic artery from 
the aortic arch (Fig. 1). Diversion of blood through the bypass circuit 
is accomplished gradually over 15 to 20 min until approximately 80% 
of the infants’ cardiac output flows through the circuit. Well-oxygen- 
ated blood from the bypass circuit mixes in the aortic arch with poorly 
oxygenated blood from the left ventricle and ductus arteriosus. When 
Satisfactory arterial blood-gas levels are obtained, the ventilator set- 
tings are reduced to a minimum peak inspiratory pressure (15 torr), 
rate (10 breaths per minute), and FIO; (0.21) to minimize the effects 
of barotrauma and oxygen toxicity. Flow through the ECMO circuit 
is gradually reduced over days in parallel with improving lung function 
until the amount of blood diverted to the circuit falls below 10%. After 
an idling period of 8 to 12 hr, the cannulae are removed, the right 
carotid and jugular vessels are ligated, and the infant is placed on 
mechanical ventilation. Weaning to oxygen by hood is usually possible 
within 72 hr. 


Results 


Initial radiographs showed changes associated with the 
underlying pulmonary disease responsible for respiratory fail- 
ure and were useful in confirming the proper position of the 


TAYLOR ET AL. 


AJR:146, June 1986 


TT tT 





t | + | O2 
£| ||| Blender 
$: +/+ Ho Arterial 
P aE: Cannula 
Ga | | AN L QI JAN H TN \ 
2 ¥ Exchanger | a , 
Membrane © ae 4 Ed / b 
Oxygenator Pa | Pai > \ 
A ATTN | 
A W gE Ñ j 
H s Ny ; Fg = i \\ f P 
f Fluids WY ff HII ei 
if / K dal ! 
ATA Heparin f / > | 
| | aT! f { f: f “\ D 
x. as L = j] Ai = 





Venous 
Reservoir 


Fig. 1.—ECMO circuit consists of venous drainage by gravity to roller pump, 
membrane oxygenator, and heat exchanger. Oxygen and CO, concentration 
are regulated by gas blender. Heparin and fluids are added as needed. Venous 
cannula is positioned in right atrium, and arterial cannula at origin of brachioce- 
phalic artery. 


bypass cannulae. Once high bypass flows were achieved, the 
typical chest radiograph showed diffuse pulmonary opacifi- 
cation with variable loss of volume (Figs. 2A and 2B). Often 
these changes were first evident in the lower lobes and were 
accompanied by patchy areas of atelectasis at the lung bases. 
Figures 2C to 2E show a typical pattern of radiographic 
improvement. 

One hundred and sixty-seven chest radiographs were avail- 
able for evaluation (mean = 6.5, range 3-13 radiographs/ 
patient). Of these, 105 (63%) exams reflected changes in 
ECMO flow rates (Table 1). Radiographs in patients with the 
individual diagnoses of hyaline membrane disease, meconium 
aspiration syndrome, and sepsis showed the best correlation 
with clinical improvement (95 [70%] of 135). Those obtained 
in patients with congenital dienhragmatic hernia and persist- 
ent pulmonary hypertension of the newborn alone showed 
the poorest correlation (10 [30%] of 30). In only one patient 
did the radiographic appearance actually worsen while ECMO 
requirements improved. Neither the absolute degree of pul- 
monary abnormality nor the degree of radiographic improve- 
ment correlated well with ECMO requirements. Radiographs 
taken during periods of increasing ECMO requirements due 
to patent ductus arteriosus or volume overload showed wors- 
ening lung opacification (Fig. 3). No cases of pleural effusion 
or unsuspected pneumothorax were found. 


Discussion 


Although reasons for the pulmonary opacification during 
ECMO have not been well studied, a likely explanation is 
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Fig. 2.—Typical sequence of raciographic find- 
ings during ECMO in a 2700-g infant with meconium 
aspiration syndrome. A, Chest radograph before 
ECMO showing patchy bilateral densities. B, Day 1 
on ECMO. ECMO flow rate 76% of 2ardiac output. 
Note position of bypass cannulae in right atrium 
(closed arrow) and in brachiocepha ic artery (open 
arrow). Diffuse pulmonary opacification and loss of 
volume are evident. C, Day 2. ECMO flow rate 
55%. D, Day 3. ECMO flow rate 46%. E, Day 5. 
ECMO flow rate 12%. A gradual d2crease in pul- 
monary opacification can be seen. This paralleled 
Clinical improvement. 





A 








Fig. 3.—Chest radiographs showing pulmonary opacification with clinical evidence of a patent ductus arteriosus. A, Before there was evidence that ductus 
arteriosus was open; ECMO flow rate 45%. B, During clinical deterioration caused by patency of ductus arteriosus, ECMO flow rate 60%. C, After spontaneous 


closure of ductus; ECMO flow rate 40%. 


pulmonary edema and atelectasis as a result of changing from 
maximal ventilatory support with high distending airway pres- 
sures to ECMO and minimal ventilator settings. High alveolar 
pressures act to keep edema fluid from appearing in the 
pulmonary interstitium and air spaces. As the distending 
pressures are removed, not only is there diffuse atelectasis 
but there is the possibility of transudation of fluid into the 
alveolar spaces. With diuretic therapy and increasing spon- 
taneous respiratory efforts lung fluid is mobilized and the 
degree of opacification on the chest radiograph decreases. 
Despite the imperfect correlation between chest radi- 
ographs and the clinical stetus, we found serial radiographs 
useful in monitoring these critically ill infants with respect to 
changes in perfusion cannula position, the appearance of 


pneumothorax, and pulmonary exacerbation due to a patent 
ductus arteriosus or volume overload. Hall et al. [6] have 
suggested that a relationship exists between the degree of 
pulmonary opacification and ECMO flow requirements. Our 
experience confirms their observations and further suggests 
that the underlying lung disease influences this relationship. 
Correlation of serial chest radiographs with measurements of 
lung compliance may help clarify this association. 
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Three-Dimensional CT 
Reformation in Children 





Three-dimensional computed tomographic (CT) reformation has proven useful in the 
evaluation of congenital malformations of the brain as well as in the surgical approach 
and postoperative assessment of craniofacial anomalies in children. This technique was 
performed on 41 patients, of whom eight are presented. The congenital anomalies of 
semilobar holoprosencephaly and colpocephaly are described. Six representative cases 
of craniofacial anomalies with pre- and postoperative examinations include Crouzon 
syndrome, orbital fibrous dysplasia, frontonasal encephalocele, cranial involvement from 
neurofibromatosis, Treacher-Collins syndrome, and a Tessier III facial cleft. Addition of 
the dimension of depth provides a view heretofore not obtainable by standard imaging 
techniques and allows more accurate diagnosis as well as a more specific approach to 
surgical planning and follow-up. 


Three-dimensional (3-D) computed tomographic (CT) reformation has been used 
successfully as an adjunct to standard axial CT in the evaluation of craniofacial 
disorders [1, 2]. In children we have found soft-tissue algorithms for ventricular 
casts useful in evaluating certain complex congenital anomalies of the brain. 
Craniofacial disorders are evaluated better with bone algorithms. The earlier work 
on 3-D reformations from CT scans of Herman et al. [3, 4] is the basis from which 
our 3-D package program was obtained. Other methods of 3-D reformation have 
also been reported in the literature [5]. This study shows the valuable additional 
information from 3-D reformation of CT images in conjunction with routine axial 
images. 


Subjects and Methods 
Technique 


Consecutive 1.5-mm-thick axial images were obtained with a GE 8800 scanner. The 
number of axial images depended on the size of the region of interest. A head-scanning circle 
was used. A low-dose technique can be employed for bone algorithms with a shortened 
pulse width of 1 at 20 mA. However, better smoothing is seen with a higher-dose technique. 
Our routine uses a pulse width of 2 at 200 mA and 120 kV. 

3-D reformation of the images is performed about the X, Y, and Z axes (fig. 1). The 3-D 
program, “3-D 83,” was developed by the Medical Imaging Processing Group, Department of 
Radiology, Hospital of the University of Pennsylvania, for General Electric Medical Systems. 
This program takes the consecutive 1.5 mm axial images and redisplays them in 3-D 
projections by rearranging the volume elements (voxels). This is done by subregioning the 
desired area on the axial images and determining the number of axial slices to be used, 
thereby defining the superior—inferior limits. The interpolated slices are then created by 
forming new voxels from the original densities obtained from the axial images. Congenital 
brain abnormalities are best evaluated using the soft-tissue algorithm; craniofacial abnormal- 
ities are displayed using the bone algorithm. The 3-D effect is conferred by the various 
shading techniques used with our program package. This procedure has been described by 
Hemmy et al. [1]. We have found 15° angular increments of rotation about the X, Y, and Z 
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Fig. 1.—Planes of reformation. Each study was per- 
formed about X, Y, and Z axes as displayed. Selected single 
planes of rotation are demonstrated in Figs. 2-9. 


A 


Fig. 2.—Case 1. Colpocephaly. A, Axial scans through brain show lateral 
ventriculomegaly with disproportionate enlargement of occipital poles. B, 3-D 
CT reformations about Z axis show ventricular enlargement proceeding from 
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axes, resulting in 24 images per axis of rotatior, to be satisfactory. 
About 75 min of computer time is required. 


Subjects 


Forty-one patients from the departments of meurological surgery 
and plastic surgery at Miami Children’s Hospit were studied with 
this technique. Eleven patients had both pre- and postoperative 
examinations. Of these, two patients are preser ted to illustrate the 
soft-tissue algorithms in evaluation of the brain anomalies. Six ex- 
amples of craniofacial anomalies illustrate the >rocedure with the 
bone algorithm. 


Representative Case Reports 
Case 1: Colpocephaly (fig. 2) 


A 7-month-old child was evaluated for developmental delay. Deliv- 
ery at 38 weeks gestation by cesarean section was reportedly due 
to enlarged ventricles shown on fetal sonography. No neonatal infec- 
tions were identified. The neurologic examinatioa was intact except 
that the infant’s vision appeared decreased on reuroophthalmologic 
examination. Visual-evoked responses were detesmined to be normal. 
Routine CT with 3-D reformation showed that he configuration of 
the ventricular system was normal except for t= marked dilatation 
of the occipital poles. This finding has been described as colpocephaly 
[6]. The abnormality was believed to represene a disorder in the 





frontal to lateral planes (top) and lateral to posterior frontal planes (bottom). 
Lateral, third, and fourth ventricles are seen without water-soluble contrast 
medium. 
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Fig. 3.—Case 2. Semilobar holcprosencephaly. A, Axial images show typical and lateral to posterior frontal planes (bottom). Monoventricle with fusion 
semilobar noloprosencephaly. Note monoventricile with dorsal cyst and fusion anteriorly and rudimentary development of temporal horns are seen. Dorsal 
of thalami. White matter crosses midline in frontal region. B, 3-D projections cyst projects posteriorly and superiorly to monoventricle. Spatial relations are 
about Z axis show rotation of structures from anterior frontal to lateral (top) uniquely demonstrated. 


Fig. 4—Case 3. Crouzon syndrome. 
3-D CT reformations about Y axis preop- 
eratively (top) show shallow anterior cra- 
nial fossa and maxillary hypoplasia. Post- 
operative study (bottom) shows craniot- 
omy alomg anterior cranial fossa floor, 
through roofs of orbits and cribriform 
plate. Advancement of anterior cranial 
fossa, zygomatic arches, temporal bone, 
and maxilla is beautifully illustrated. 
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Fig. 5.—Case 4. Orbital fibrous dys- 
plasia. A, Direct axial and coronal refor- 
matted images show large bony lesion in 
region of right orbital roof, extending into 
right orbit and involving both inner and 
outer tables of bone. Right optic nerve 
and medial rectus muscle are displaced. 
B, 3-D CT reformation about X axis with 
preoperative (topšand postoperative (bot- 
tom) examinations. On preoperative 
Study, spatial relation of bony lesion of 
orbital roof is seen. Postoperative views 
show suitability of bone overlay graft to 
orbital roof. 


formation of the lateral ventricles about the calcar avis. Similar which has been previously reported [7]. She was seen at 1/2 years 
abnormalities are noted in Chiari II malformation. of age with profound developmental delay. A repeat CT scan was 


obtained with 3-D reformation. 


Case 2: Semilobar Holoprosencephaly (fig. 3) 


A 6-day-old girl was born to a 33-year-old diabetic mother. Apgar Case 3: Crouzon Syndrome (fig. 4) 


scores were 3 at 1 min and 1 at 5 min. The child’s head was 


microcephalic (circumference, 27 cm), and her forehead slanted back- A 3-year-old boy presented for craniofacial reconstructive surgery. 
ward. Chromosomal karyotype revealed a dislocation of 13 with He had one previous operation for release of a bilateral cranial 
translocation of 22. Initia! CT revealed a semilobar holoprosencephaly, synostosis of the coronal suture. The patient exhibited bilateral 
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Fig. 6.—Case 5. Frontonasal er cephalocele. A, Axial images of soft-tissue Bony defect in region of glabella, extending through cribriform plate. Nasion Is 


density extending below cribriform plate as well as anteriorly. B, 3-D CT intact. Postoperatively, bone graft appears to be perfectly suited to bony defect. 
reformation about X axis preoperatively (top) and postoperatively (bottom). 


A 


Fig. 7.—Case*6. Orbital involvement of neurofibromatosis. A, Axial image orbital size; right is about twice size of left. Absence of right sphenoid bone 
plasia. Enlargement of optic nerve, particularly at and enlargement of superior and infraorbital fissures are seen. Postoperative 
examination (bottom) shows overlay bone graft of orbital floor with reduction 


sents plexiform neurofibroma. Gasserian ganglion is involved. B, 3-D CT of right orbit and previously described bony defect. 
reformation about X axis preoperatively (top) shows marked asymmetry in 


of right sphenoid wing dys 
apex, represents-optic nerve glioma. Extraorbital mass seen anteriorly repre- 


coronal synostosis, exorbitism, and midfacial retrusion. He underwent Case 4: Orbital Fibrous Dysplasia (fig. 5) 
a monoblock, frontofacial Le-ort Ill advancement. Postoperatively, 
the child did well. Pre- and pcstoperative 3-D reformation CT scans A 7-year-old girl had a large right orbital mass that was slowly 


were obtained. enlarging and producing moderate exophthalmus. The vision of the 
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eye was unaffected. A transcranial removal of this mass. which filled 
the superomedial angle of the right orbit, was performed. On the 
plain film, calcification was noted above the orbital roof. Axial CT with 
coronal reformation and pre- and postoperative 3-D CT were per- 
formed. 


Case 5: Frontonasal Encephalocele (fig. 6) 


This 2-year-old girl had a previous operation at birth for a fronto- 
nasal encephalocele. She still had a closure defect in the glabellar 
region. Preoperative 3-D CT showed the extent of the defect, which 
was in the glabellar region but did not extend to the nasal bone. The 
encephalocele defect was almost entirely closed by orbital bone after 
trimming of the orbital roof. Preoperative 3-D CT provided better 
planning of the procedure by allowing the surgeon to know exactly 
what size bone graft he needed to close this defect. 


Case 6: Cranial Involvement of Neurofibromatosis (fig. 7) 


A 4-year-old girl with the diagnosis of neurofibromatosis presented 
with a plexiform neurofibroma, increasing right orbital proptosis, and 
maxillary soft-tissue involvement. She was admitted and underwent 
a hemi-Lefort | osteotomy with removal of the tumor from the cheek, 
maxilla, and orbital floor, which allowed for further expansion of the 
orbit. Axial pre- and postoperative 3-D CT was done. 


Case 7: Treacher-Collins Syndrome (fig. 8) 


A 12-year-old girl was first seen at the age of 2 years 10 months 
when a diagnosis of Treacher-Collins syndrome (mandibulofacial 
dysostosis) was made. She had a hearing difficulty as well as delayed 
cognitive functions. Pre- and postoperative 3-D CT scans were 
obtained. 
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Fig. 8—Case 7. Treacher-Collins syn- 
drome. 3-D CT reformation about X axis 
shows preoperative asymmetry (top) of 
sides. Left side shows marked hypoplasia 
of frontal process of frontal bone and 
zygoma, seen to lesser degree on right. 
Zygomatic arches are not developed bi- 
laterally. On postoperative examination 
(bottom), bone grafts form zygomatic 
arches. Asymmetry is noted as left is 
angulated inferiorly. Overlay bone grafts 
along lateral orbital walls. 


Case 8: Tessier Type III Facial Cleft (fig. 9) 


An 11-year-old girl with a complete cleft of the lip and palate and 
a large residual alveolar cleft presented for reconstructive surgery. 
An iliac bone graft of the left alveolar cleft was performed with closure 
of the anterior cleft and the oronasal fistula. Pre- and postoperative 
CT scans were obtained. The preoperative 3-D CT scan demon- 
strated a Tessier type III facial cleft that could not have been predicted 
by the overlying soft-tissue abnormality. 


Discussion 


In evaluation of the child with a complex congenital anomaly 
of the brain or a craniofacial abnormality, this technique of 3- 
D reformation of CT images proved most helpful. The ability 
to assess the volume of the ventricular system and display 
this with spatial relations allows perception of these abnor- 
malities not previously possible. Subarachnoid contrast 
agents are obviated, which was demonstrated with our cases 
of holoprosencephaly and colpocephaly. 

In the craniofacial anomalies, we believe that this method 
offers a valuable adjunct to routine radiographic techniques. 
Previously, these children were evaluated by conventional 
tomograms, which expose the eye to a relatively high dose 
of radiation. The skin dose may be as high as 50-75 rad (0.5- 
0.75 Gy) [2]. With this technique, the dose is considerably 
lower, in the range of 2-3 rad (0.2-0.3 Gy). In addition, 
demonstration of osseous anatomy with the added dimension 
of depth markedly facilitates preoperative assessment. Cra- 
niofacial defects of bone as presented with the cases of 
frontonasal encephalocele, Tessier type Ill facial cleft, and 
orbital involvement of neurofibromatosis are more accurately 
described. Hypoplasia and agenesis of bone, as in the 
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Fig. 9.—Case 8. Tessier type II facial 
cleft. 3-D reformation about X axs pre- 
operatively (top) shows defect o hard 
palate just left of midline. No asscciated 
nasoorbital clefts. On postoperative ex- 
amination (bottom), note overlay bone 
grafts with reduction in size of clef. 


Treacher-Collins and Crouzon syndromes, are demonstrated 
beautifully. Symmetry is important, and is well appreciated in 
these cases as well as in the cases of orbital fibrous dysplasia. 
Posttraumatic preoperative evaluation for reconstructive sur- 
gery has also been performed by us as well as by others [2]. 

The postoperative studies demonstrate symmetry as well 
as a specific way to evaluate surgical results. Postoperative 
3-D studies are found to be accurate when compared with 
surgical findings. The exact relation of bone implants and/or 
grafts can be assessed as well as followed. Measurements 
can be obtained directly from these images, but this capacity 
is limited and is currently being evaluated at our institution. 
Metallic sutures do not apdear to pose a significant problem. 
Dental metallic artifacts limit the examination; however, in 
these young children, it was not a particular problem. Other 
artifacts that can be misleading are in areas of thin bone that 
may appear as defects on 3-D scans. Adequate knowledge 
of these regions and of this artifact is essential for interpre- 
tation. 

In summary, we conclude that 3-D CT reformation is a 
valuable adjunct in the evaluation of congenital abnormalities 
of the brain as well as craniofacial disorders. Its use may 
obviate routine tomography in preoperative planning as well 
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as postoperative follow-up of reconstructive surgery in chil- 
dren. 


REFERENCES 


1. Hemmy DC, David DJ, Herman GT. Three-dimensional recon- 
struction of craniofacial deformity using computed tomography. 
Neurosurgery 1983;13:534-541 

2. Vannier MW, Marsh JL, Warren JO. Three-dimensional CT re- 
construction images for craniofacial surgical planning and eval- 
uation. Radiology 1984;150: 179-184 

3. Herman GT, Lim HK. Three-dimensional display of human organs 
from computed tomograms. Comput Graphics Image Process 
1979;9:1-21 

4. Artzy E, Frieder G, Herman GT. The theory, design, implemen- 
tation and evaluation of a three-dimensional surface detection 
algorithm. Comput Graphics Image Process 1981;15:1-24 

5. Vannier MW, Marsh JL, Warren JO, Barkier J. Three-dimensional 
computer graphics for craniofacial surgical planning and evalua- 
tion. Comput Graphics Image Process 1983;17:263-273 

6. Gorg BP. Colpocephaly: an error of morphogenesis? Arch Neurol 
1982:39: 243-246 

7. Altman NR, Altman DH, Sheldon JJ, Leborgne J. Holoprosen- 
cephaly classified by computed tomography. AJNR 1984;5:433- 
437 


1268 


Book 
Review 





Joints and Vertebral Connections Clinical Radiology. Wolfgang Dihlmann. Translated by Gottfried Stiasny. New 


York: Thieme Inc., 580 pp., 1985. U.S. $75. foreign $90 


This book constitutes a comprehensive overview of the conven- 
tional radiographic approach to articular disorders of the spine and 
peripheral skeleton. The initial chapter summarizes basic concepts of 
radiologic interpretation as applied to specific types of arthritis and 
osteoarthropathy. In the second, most extensive chapter, disorders 
affecting individual peripheral joints are discussed in turn. The final 
two sections deal specifically with the temporomandibular joint and 
the articulations of the axial skeleton, respectively. A wide variety of 
diseases are reviewed, including osteoarthritis, rheumatoid arthritis, 
posttraumatic abnormalities, congenital and developmental malfor- 
mations, infectious processes, and periarticular neoplasms. 

An important positive aspect of the book is its meticulously detailed 
text, which resembles that of the well-known treatise on normal 
variants by A. Kohler and E. A. Zimmer, Borderlands of the Normal 
and Early Pathologic in Skeletal Roentgenology. A second highlight is 
its extensive collection of detailed line drawings, which serve to clarify 
key concepts outlined in the text. Exhaustive and current bibliogra- 
phies are also provided for both English and German publications, 
and the index is more than adequate. Referencing within the text to 
both the figures and literature citations is excellent. 

Negative features of the book include the expected stylistic limi- 
tations associated with translation from a foreign language, the small 
and sometimes crowded nature of the typeset format, and the 
somewhat loose organization of subject matter. Of greatest impor- 
tance is that the book contains no actual radiographic images; 
instead, it relies exclusively on line diagrams for visual conveyance 
of information. In addition, the book is almost exclusively concerned 
with the interpretation of conventional radiographic and tomographic 


images, as only scant consideration is given tc advanced imaging 
techniques, such as contrast arthrography and CT. 

The book resembles the well-known previous synopsis-type ap- 
proaches to musculoskeletal radiology by |. Meschan in its emphasis 
on diagrammatic instruction. As compared with the leading textbook 
in the field, Diagnosis of Bone and Joint Disorders by D. Resnick, it 
is inferior in organization, quality of writing and radiographic/patho- 
logic illustration, discussion of pathophysiology, and consideration of 
advanced imaging modalities. 

Due to its tendency to shift rapidly from one subject to another. 
the book is not well-suited to cover-to-cover reading but rather 
functions optimally as a reference text. It would be of greatest value 
to individuals with some prior experience in the interpretation of bone 
and joint radiographs, because of the complete absence of figures 
depicting abnormalities as they actually appear on films, an essential 
element for beginners. In particular, radiology residents would find it 
useful as an aid in reviewing for board examinations, as would 
practicing radiologists who want to refresh their knowledge in the 
area. The book would be a beneficial contribution to the reference 
library of any department in which a substantial number of radi- 
ographic examinations are performed for orthopedic and rheumato- 
logic problems. Its cost is certainly appropriate to the abundant 
quantity of valuable information and impressive diagrams that it 
contains. 
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Atlantooccipital Instability in 
Down Syndrome 





Atlantooccipital instability is an uncommon and usually lethal result of major trauma. 
Nontraumatic cases of instability at this site are rare. We report the findings in two 
children with Down syndrome who have striking atlantooccipital subluxation demon- 
strated on flexion and extension radiographs. Since there is increasing radiologic 
evaluation of cervical spine stability in patients with Down syndrome who wish to 
participate in athletic activities, the status of the atlantooccipital joint needs careful 
assessment, especially after cervical fusion for C1-C2 instability. 


Atlantoaxial instability in children with Down syndrome has become a well-known 
entity since it was first reported over 20 years ago [1, 2]. Although between 10 
and 20% of individuals with Down syndrome are affected [3-6], only a small 
percentage of these have neurologic abnormalities related to the cervical instability 
that require treatment—usually posterior fusion. In a recent report [6], the Com- 
mittee on Sports Medicine of the American Academy of Pediatrics recommended 
that children with Down syndrome who wished to participate in sports that might 
involve trauma to the head and neck be radiographically screened for cervical 
instability. It also stated that some physicians may prefer to screen all of their 
patients with Down syndrome at the age of 5 or 6 years. A distance of greater 
than 4.5 mm between the anterior arch of C1 and the odontoid or an abnormal 
odontoid are adequate reasons to restrict participation in sports involving possible 
trauma to the head and neck [6]. The committee went on to state that “persons 
with Down syndrome who have no evidence of atlantoaxial instability may partici- 
pate in all sports.” Special Olympics published similar guidelines in 1983 [7]. These 
recommendations, along with a growing public awareness of the condition, have 
resulted in radiologic screening of large numbers of children with Down syndrome. 

As a result of such screening, we recently encountered two children who 
exhibited striking atlantooccipital subluxation with flexion and extension of the 
neck. Isolated atlantooccipital instability has not previously been described in 
patients with Down syndrome. 


Case Reports 
Case 1 


A 17-year-old boy with Down syndrome was referred for orthopedic evaluation after a 
cervical spine abnormality was discovered on screening lateral flexion and extension cervical 
spine radiographs obtained because of occasional neck pain. The patient had been healthy 
and active and had participated in Special Olympics running events. There was no history of 
injury or neurologic symptoms. His mother noted a tendency for him to sit with his head held 
forward. Physical examination revealed normal ranges of motion in the neck and upper 
extremities. No pain was elicited during the examination. Motor strength and deep tendon 
reflexes were normal. Lateral cervical spine radiographs in flexion and extension revealed 
atlantooccipital subluxation with 1.2 cm of horizontal translation (Fig. 1). Videofluoroscopy of 
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the cervical spine showed marked posterior movement of the occiput 
on C-1 during extension. No atlantoaxial instability was evident. The 
patient missed a follow-up appointment, but returned 8 months later 
because of increasing neck pain and discomfort. Operative fusion of 
occiput and posterior cervical spine is planned. 


Case 2 


A 6-year-old girl with Down syndrome was referred for evaluation 
because of abnormal cervical spine radiographs obtained prior to 
beginning training for the Special Olympics. She was asymptomatic, 
healthy, and active. Physical examination revealed a normal range of 
motion of the neck as well as symmetric deep tendon reflexes. Flexion 
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Fig. 1.—Case 1. A, Lateral radiograph 
in extension shows normal position of 
occiput on C-1 with basion directly over 
odontoid. B, Flexion results in 1.2 cm 
forward movement of occiput along rela- 
tively flat articular surfaces of C-1 (audible 
“clunk” was noted clinically). There is no 
abnormal separation of odontoid from an- 
terior ring of C-1. 


Fig. 2.—Case 2. A, Lateral radiograph 
in extension shows posterior subluxation 
of atlantooccipital joints with abnormally 
posterior position of basion relative to 
odontoid. B, Flexion view shows 1.5 cm 
forward movement of occiput on C-1 rel- 
ative to its position with neck extended. 
Distance between posterior arch of C-1 
and odontoid is 2 mm, well within normal 
limits for a child. 


and extension lateral cervical spine radiographs amd videofluoroscopy 
revealed striking horizontal translation of the occiput on C-1 of about 
1.5 cm (Fig. 2). No symptoms have developed since she was evalu- 
ated 3 months ago. Her treatment is currently being formulated. 


Discussion 


From the standpoints of embryology, biomechanics, and 
anatomy, the occipito-atlanto-axial region is often discussed 
as an entity apart from the rest of the cervical spine. During 
development, the first cervical sclerotome gives rise to the 
occipital condyles, C-1, and much of the odontoid process of 
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C-2 [8, 9]. The normal atlantooccipital articulation allows 
flexion and extension as wel as lateral bending movements. 
Axial rotation and horizontal translation are negligible 
[10, 11]. The osseous atlantooccipital articulations are shal- 
low curved surfaces, and there is considerable individual 
variation in the size of the occipital condyles and the depth of 
the superior articulating processes of C-1 [8, 12]. The bony 
articulations by themselves are considered unstable [13], so 
that stability of the atlantooccipital joints depends on liga- 
ments [11, 14]. 

The intraspinal ligaments are reported to be the most 
important in stabilizing the atlantooccipital joints [13]. These 
include: (1) the tectorial merr brane (also called the occipitoax- 
ial ligament), which is a continuation of the posterior longitu- 
dinal ligament of the spine extending from the inner base of 
the odontoid to the clivus; and (2) the two alar ligaments, 
which extend from the tip of the odontoid to the occipital 
condyles [13, 14]. 

There are also outer (extraspinal) ligaments, including the 
anterior atlantooccipital ligament, which is a continuation of 
the anterior longitudinal ligement of the spine, and the pos- 
terior atlantooccipital ligament, analogous to the ligamentum 
flavum at lower levels. 

The outer ligaments and the tectorial membrane limit flexion 
and extension of the atlantooccipital joints, and the alar 
ligaments limit lateral flexior [14]. Normally, there is less than 
1 mm of horizontal translation of the atlantooccipital articula- 
tion [11]. 

Because of their structural characteristics, some consider 
the atlantooccipital joints relatively unstable [10]. One cadaver 
study of infants found that “considerable” sliding motion was 
possible in both anteroposterior and lateral directions [15]. 
Such findings have not been reported during radiographic 
evaluation of living children, however. 

In most published repors, atlantooccipital instability has 
resulted from major trauma, primarily with hyperflexion (11, 
16-19). Nontraumatic atlantooccipital instability appears to 
be uncommon. Of the nine reported cases, associated con- 
ditions included infection in two cases [20, 21], ankylosing 
spondylitis [22], erosion of the clivus by pituitary adenoma 
[23], congenital upper cervical spine fusions in three patients 
(13, 24], and congenitally small occipital condyles [25]. One 
reported patient had Down syndrome with severe atlantoaxial 
subluxation as well [26]. 

Neck pain, typically radia-ing to the occiput, was present in 
all but two patients [22, 26]. In three patients, general weak- 
ness but no specific neurologic findings were present 
[11, 23], while in two others, extension of the head led to 
striking findings, such as convergence spasm of the eyes, 
cessation of vertebral artery blood flow during angiography 
[25], and severe occipital veadache with right hemianopsia 
[24]. The previously repor-ed patient with Down syndrome 
[26] had quadriparesis, severe headache, hyperreflexia, and 
positive Babinski reflexes. Cervical myelography revealed se- 
vere spinal cord compression by the odontoid due to the 
concomitant atlantoaxial subluxation. 

Ligamentous laxity appears to be the cause of the instability 
in all the reported nontraumatic cases, except for the patient 


DOWN SYNDROME 1271 


with neoplastic destruction of the clivus [23] and possibly the 
patient with short, dysplastic occipital condyles [25]. Such 
laxity can result directly from inflammatory conditions, includ- 
ing infection and ankylosing spondylitis. Its etiology im the 
other patients [11, 24, 25] is less certain, but the coexistence 
of congenital fusions in the upper cervical spine may predis- 
pose to laxity at the atlantooccipital junction. However, atlan- 
tooccipital instability has not been reported in other patients 
with Klippel-Feil syndrome. 

The cause of atlantooccipital instability in our two patients 
is not Known, but the generalized joint and ligamentous laxity 
associated with Down syndrome is believed to play a role in 
the more common atlantoaxial subluxation (3-6, 22). 

Posterior fusion of occiput and upper cervical spine has 
been the treatment of choice for symptomatic patients LET, 
23, 24, 26]. One patient who refused surgery was managed 
with a Minerva cast [25]. The management of asymptomatic 
patients is not clear. In the case of atlantoaxial instability, 
“prophylactic” spine fusion of asymptomatic children with 
Down syndrome is not recommended [27] because while this 
instability is common, only about 40 symptomatic patients 
have been reported [5]. Regarding the atlantooccipital joints, 
White and Panjabi [10] state: “Because of the present knowl- 
edge of the structure of the joint and the dangerous anatomic 
risks involved in its displacement, we suggest that any dislo- 
cation or subluxation be considered Clinically unstable.” 

Atlantooccipital instability in children with Down syndrome 
is rare, but greater awareness of this possibility may lead to 
more careful scrutiny; more cases may be discovered as 
greater numbers of children are subjected to screening lateral 
cervical spine radiographs as recommended by the Commit- 
tee on Sports Medicine. One theoretical possibility arises 
regarding operative fusion in patients with atlantoaxial insta- 
bility. In light of the three reported cases of atlantooccipital 
instability in patients with congenital fusions of C1-C2 or C2- 
C3, we speculate that operative fusion excluding the occiput 
might predispose to atlantooccipital instability. 
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Neonatal Aortoiliac 
Compression Caused by a 
Distended Bladder 





Neonatal aortoiliac insufficiency caused by a distended urinary bladder is an unusual 
occurrence that can be difficult to distinguish from aortoiliac thrombosis. Real-time 
sonography can permit recognition of the abnormality, demonstration of the related 
pathophysiology, and exclusion of other causes of aortoiliac occlusion. 


Arterial insufficiency of the lower extremities caused by aortoiliac occlusion is an 
uncommon but well-described occurrence in the neonate [1] and is usually followed 
by severe illness and death [2-4]. Cases of vascular occlusion have been reported 
after umbilical arterial catheterization, spontaneous in situ thrombosis, embolization 
from other cardiovascular abnormalities, and severe medical disease including 
coagulopathy [1-11]. 

Reviews of case histories of neonates who died from aortoiliac occlusion con- 
firmed at autopsy suggest that clinical evidence of aortic obstruction and lower- 
extremity ischemia were present in the majority of cases [2, 4, 10]. The signs and 
symptoms of neonatal aortoiliac insufficiency include generalized hypotension, 
lower-extremity hypotension, upper-extremity hypertension, lower-extremity pallor, 
cyanosis, and ischemia [3, 4, 8]. Decreased or absent pulses are noted in the 
femoral, popliteal, posterior tibial, and dorsalis pedis regions [6]. The affected 
neonate will often appear severely ill, toxic, or septic [5]. A neonate who is 
suspected of having aortoiliac occlusion should undergo rapid evaluation and 
therapy. Early therapy may reduce the high mortality that has been reported [9, 
11]. 

This report describes three cases of benign aortoiliac insufficiency that were 
caused by extrinsic compression of the aorta and iliac arteries resulting from a 
distended urinary bladder. On the basis of clinical evidence alone, this abnormality 
can be very difficult to distinguish from aortoiliac occlusion caused by thrombosis 
or dissection. The first two cases developed aortoiliac insufficiency during fluoro- 
scopic voiding cystourethrography (VCUG). After the first two patients alerted us 
to this cause of aortoiliac occlusion, a third case spontaneously appeared in the 
neonatal intensive-care unit and real-time portable sonography was required to 
establish the diagnosis. 


Case Histories 
Case 1 


The first patient was a 3400-g boy who was born after a 37-week uncomplicated gestation. 
The patient did well until he was 2 weeks old at which time a urinary-tract infection caused 
by Escherichia coli was detected. Sonography of the kidneys was normal. The patient was 
treated with antibiotics for 10 days and then a VCUG was performed. 

The VCUG technique is modified for neonates and permits the bladder to fill from a gravity 
drip at a very slow rate through a 5-French transurethral bladder catheter to a maximum 
pressure of 20 cm of water. Under these conditions, 50 ml of Cysto-Conray I! isotonic contrast 
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media (Mallinckrodt Inc., St. Louis, MO) was infused. As the bladder 
filled, the patients’ lower extremities became pale, mottled, and 
cyanotic. Neither of the femoral pulses could be palpated, but the 
upper-extremity pulses were normal. Voiding was initiated sponta- 
neously and the VCUG was normal. When the patient completed 
voiding, physical examination revealed that the lower extremities had 
returned to a normal appearance and the femoral pulses were normal. 


Case 2 


The second patient was a 2800-g girl who had an uneventful 32- 
week gestation followed by a normal vaginal delivery. A urinary-tract 
infection caused by E. coli was detected when the patient was 7 
days old and was treated Successfully with antibiotics. Sonography 
of the kidneys was normal. A VCUG was performed under 20 cm of 
water pressure by gravity drip. As the bladder was filled with 50 ml 
of isotonic contrast media, the lower extremities were noted to be 
pale and mottled and femoral pulses could not be palpated. The 
patient spontaneously initiated voiding, and the VCUG was normal. 
When the patient had completed voiding, the lower extremity had 
returned to its normal color and the pulses were normal. 


Case 3 


The third patient was a 2040-g boy who had an uncomplicated 34- 
week gestation followed by spontaneous vaginal delivery. The patient 
developed hyaline membrane disease requiring endotracheal intuba- 
tion, mechanical ventilation, and frequent arterial blood gas analysis. 
An umbilical catheter was positioned in the descending aorta with the 
tip just below the level of the renal arteries. During the subsequent 
24 hr, the catheter failed to function properly and it was removed. 
On the third day of life, the patient developed bilateral lower-extremity 
arterial insufficiency. The femoral pulses were diminished to palpation. 
The blood pressure was 85/67 mm of mercury (mean 75) in the left 
arm; 69/36 (mean 48) in the left leg; and 48/41 (mean 44) in the right 
leg. The possibility of acute thrombosis or dissection of the aorta 
related to the umbilical catheterization was raised. 

Portable sonography was performed as an initial noninvasive pro- 
cedure using a standard 7.5-MHz transducer (Advanced Technology 
Laboratories, Bellevue WA) with the patient in supine position. The 
aorta was visualized in both the parasagittal and transverse planes 
from the level of the left hemidiaphragm to the iliac bifurcation. The 
patient had a distended urinary bladder, which was otherwise normal 
in appearance. The posterior-superior aspect of the distended bladder 
compressed the lumen of the descending aorta and origins of the 
iliac arteries just at the level of the bifurcation (Fig. 1). Above the level 
of compression, the aorta was normal. No intraluminal abnormalities 
were seen. After the observation of compression of the aorta, a 5- 
French transurethral catheter was introduced under sterile conditions 
into the patient's bladder, and urine was drained. Repeat sonographic 
examination showed a decrease in bladder size, cessation of the 
extrinsic compression upon the aorta and iliac artery bifurcation, and 
the return of pulsations (Fig. 2). As before, no abnormality was seen 
in the vascular lumen or wall. Immediately after removal of urine from 
the bladder, the lower extremities rapidly assumed a normal appear- 
ance. Pallor and cyanosis disappeared. The femoral and dorsalis 
pedis pulses were normal. Blood pressure became equal in the arms 
and legs at 85/60 mm of mercury. 

Sonographic visualization of the aorta and iliac arteries was contin- 
ued as the bladder was refilled through the catheter with sterile 
isotonic saline. As the bladder volume reached 40 ml, the bladder 
again compressed the aorta at the bifurcation. producing a subse- 
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Fig. 1.—Left parasagittal sonogram of abdomen through level of urinary 
bladder and distal descending aorta and iliac arteries. Urinary bladder is 
distended with posterior wall compressing distal aorta and iliac arteries at their 
bifurcation (arrow). At real time, no arterial pulsations were noted from level of 
iliac bifurcation inferiorly. 





Fig. 2.—Left parasagittal sonogram of abdomen in same position as Fig. 1. 
Urinary bladder has diminished considerably in volume with drainage. Aortic 
lumen has increased in size as have iliac arteries from level of their bifurcation 
(arrow) and inferiorly. At real time, normal arterial pulsations were demon- 
Strated. 


quent decrease in the visible pulsations. Physical examination re- 
vealed decreased femoral artery pulses and returmof lower-extremity 
pallor and mottling. Immediate withdrawal of the saline through the 
catheter allowed a return of aortic and iliac pulsations on sonography 
and the return of the lower extremities to a normal external appear- 
ance. Follow-up at the age of 6 months revealed no further lower- 
extremity perfusion deficit. A VCUG performed at the age of 1 week 
had been normal. 
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Discussion 


The patients reported here demonstrate that neonatal aor- 
toiliac insufficiency can be caused by extrinsic compression 
rather than by occlusion. Upon physical examination, this 
abnormality was difficult to distinguish from occlusion or 
thrombosis of the aortic lumen, and real-time sonography 
offered an effective, rapid, noninvasive means of establishing 
the diagnosis. Also, sonography can be used to detect intra- 
luminal filling defects reflecting occlusion, thrombosis, or dis- 
section [12]. 

Cases 1 and 2 demonstrated the pathophysiology of exter- 
nal compression of lower-2xtremity perfusion in a manner 
identical to the clinical problem presented by case 3. Case 3 
was thought by all examiners to have undergone catheter- 
related dissection and thrombosis of the aorta. Demonstration 
with sonography of a normal aorta and iliac arteries after 
aspiration of urine from the bladder proved extremely reas- 
suring to the physicians involved. 

The reason that these three patients exhibited aortoiliac 
compression is unknown. Cases 1 and 2 were studied during 
VCUG using routine minimal filling pressures and normal 
bladder volumes. The lower-extremity perfusion abnormalities 
produced during the VCUG were witnessed by the parents of 
each neonate. Each parent reported no previous or subse- 
quent episodes of lower-ex-remity abnormality. Similarly, case 
3 demonstrated aortoiliac compression during only the single 
episode reported here but not on any preceding or subse- 
quent day. All three episodes of aortoiliac insufficiency oc- 
curred when the neonates were in the supine position. The 
decubitus positioning migh: have produced the same relief of 
symptoms as did emptying of the bladder. None of these 
infants was being treated with medications that might have 
been expected to affect bladder or sphincter function. All had 
normal serum electrolytes, calcium, and phosphorus. All three 
infants were found to have normal bladder and sphincter 
function immediately after the compression phenomenon was 
relieved. 

Aortoiliac insufficiency simulating arterial occlusion can be 
produced in neonates during compression of the aorta and 
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iliac arteries caused by a distended urinary bladder. This form 
of vascular compression is difficult to distinguish from more 
severe events, such as aortic thrombosis, on clinical evidence 
alone. Real-time sonography is an accurate and rapid method 
of assessing the causes of neonatal aortoiliac insufficiency. 
The diagnosis of extrinsic compression by the bladder can be 
made at the bedside followed by rapid institution of appropri- 
ate therapy. 
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Self Assessment in Radiology 1. Ear, Nose and Throat. 


223 pp., 1984. $19.50 


Maurice Hawthorne and Richard Num. London: Wolfe, 


Self Assessment in Radiology and Imaging 2. Gastrointestinal Radiology. Michael Berger. Sydney, Australia: 


Wolfe, 174 pp., 1985. $18.50 


These are the first and second of a series of self-assessment texts 
in radiology. Each book consists of a number of quizzes—105 in 
series 1, 83 in series 2. In both books the format is one of presentation 
of one or two radiographs followed by two to six questions. The 
overleaf repeats the radiographs and Supplies the answers. A diag- 
nostic index is provided at the end for reference purposes. 

The gastrointestinal book presents typical cases of common pa- 
thology in the esophagus, stomach and duodenum, small and large 
bowel, biliary tree, and plain abdomen. In one case, the reader is 
alerted to warn the radiologist as to what is suspected; thus, the 
thrust of this book is toward the nonradiologist. Indeed, it would be 
a good introduction to GI radiology. 

The ENT cases cover sinus, temporal bone, salivary gland, laryn- 
geal and miscellaneous neck lesions. Ten of the 105 cases involve 


Aortitis: Clinical, Pathologic and Radiologic Aspects. 
McAllister, Jr. New York: Raven, 278 pp., 1986. $57.50 


This book describes aortitis and diseases of large- and medium- 
sized arteries. It is mainly for clinicians who diagnose and treat these 
entities; only one chapter covers the radiologic aspects in detail. This 
chapter is fairly good at describing the plain film, CT, and angiographic 
interpretations of aortitis: magnetic resonance is only briefly covered. 
All the illustrations are at the end of the chapter and are of good 
quality. 

The historic, pathologic, medical, neurologic, ocular, and surgical 
aspects of aortitis are covered in other chapters. They are aimed at 


tomograms of the petrous bone, which are difficult to reproduce 
photographically. The major deficiency of this boek is the lack of CT. 
In the United States, CT has replaced tomography in the evaluation 
of the petrous bone, and it plays a major role in the evaluation of 
neck and laryngeal lesions. Here it is relegated to a minor role. 

Except for the discussion of Le Forte fractures in book 1, discus- 
sion of the cases is limited to half a printed page. Answers to the 
questions must be terse (in book 2, often one word). This greatly 
restricts the discussion of pathology and differential diagnosis. 

While these are interesting books to peruse, they fall short of the 
Standards set by the ACR self-evaluation series. 


Norman N. Keep 
1676 W. Bullard 
Fresno, CA 93711 


Edited by Adam Lande, Yahya M. Berkman, and Hugh A. 


physicians other than radiologists. A large percentage of the book 
describes Takayasu's arteritis. The book has good style and organi- 
zation, extensive references, and a good index. 

This is a good, interesting book, but not for radiologists, unless 
they have a special interest in aortitis. 
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The Sonographic Evaluation 
of Fetal Anomalies in 
Oligohydramnios Between 
16 and 30 Weeks Gestation 





The sonograms of all patients with oligohydramnios between 16 and 30 weeks 
gestation seen over a 4-year period were reviewed to determine (1) whether sonograph- 
ically detectable fetal anomalies were present, and (2) when these anomalies were 
present, how this information was used in maternal fetal management. Cases of ruptured 
membranes and fetal demise were excluded from the study. Sixteen patients with 
severe oligohydramnios were identified. On postmortem examination, nine had urinary 
tract anomalies, one had evidence of a chronic intrauterine infection, and four had no 
anomalies. There were only two neonatal survivors: one had no anomalies while the 
other had posterior urethral valves. These findings confirm that second trimester 
oligohydramnios has a poor prognosis and is often associated with anomalies of the 
urinary tract. Sonography aids in the clinical management of such patients. 


Oligohydramnios has been found in association with ruptured membranes, 
intrauterine growth retardation, preeclampsia, postmaturity, fetal demise, and renal 
anomalies [1]. Reports of these cases were based on sonographic findings not 
limited to a specific time period during pregnancy. We could find only one report in 
the literature that examined fetal outcome in cases of second-trimester oligohy- 
dramnios [2]. The present report describes the results of a retrospective study of 
fetal outcome in patients with oligohydramnios between 16 and 30 weeks gestation, 
roughly the period of the second trimester. We feel that diagnosis at this early 
stage can be very helpful in guiding clinical management. 


Materials and Methods 


A retrospective analysis was made of all patients who underwent obstetric sonography at 
The George Washington University Hospital between December 1981 and November 1985. 
Sonographic data, medical records, and autopsy/surgical pathology records of all patients 
with oligohydramnios identified for the first time between 16 and 30 weeks were reviewed. 
Oligohydramnios was diagnosed sonographically on the basis of subjective criteria previously 
described by Phillipson [3]. These criteria were (1) obvious lack of amniotic fluid, (2) poor 
fluid/fetal interface, and (3) marked crowding of fetal limbs. The degree of oligohydramnios 
was subjectively graded into mild, moderate, or severe, and measurements of the largest 
pocket of amniotic fluid were obtained. All scans were performed with real-time sector 
scanners using 3.5-, 5.0-, and/or 7.5-MHz transducer of appropriate focal length. The scans 
were performed in a routine fashion based on our department's protocol, and all scans were 
checked by a physician. An obstetric record was kept on every patient showing fetal 
measurements (biparietal diameter, head and abdominal circumference, and femur length), 
fetal position, placental grade and position, amount of amniotic fluid, presence or absence of 
fetal heart motion, and assessment of fetal anatomy. Multiple images on hard copy were 
obtained in every case. Patients with ruptured membranes or fetal demise at the time of 
sonographic evaluation were excluded from the study. 
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Results 


Sixteen patients with severe oligohydramnios met the cri- 
teria for the study. They were scanned one or more times. 
Three patients had prior sonograms with normal amniotic fluid 
and had oligohydramnios on follow-up examinations (Fig. 1). 

In six patients, a fetal urinary tract anomaly was noted on 
sonographic evaluation. These included two cases of infantile 
polycystic kidney disease (polycystic kidney disease type |), 
including one with Meckel’s syndrome, one case of marked 
cystic dysplasia of both kidneys (cystic kidney type II), two 
cases of bilateral hydronephrosis, and one of unilateral hydro- 
nephrosis. In four of these patients, a small fetal urinary 
bladder was identified sonographically. Serial examinations 
were made over a 2-hr period in two, and no bladder filling or 
emptying was observed (Fig. 2). In three patients the preg- 
nancy was terminated on the basis of sonographic findings, 
and in one, termination was necessary because of severe 
chronic maternal hypertension. There were two liveborn in- 
fants, one of whom died in the first 12 hr of life. In all six, the 
postmortem or postnatal findings were consistent with the 
sonographic findings. 

In six patients, the fetal kidneys and bladder were not 
identified sonographically. Termination of pregnancy was in- 
fluenced by the sonographic findings in one. In two additional 
patients, termination was due to chronic maternal hyperten- 
sion or preeclampsia. One patient had a spontaneous abortion 
and another a fetal demise. On postmortem examination, no 
urinary tract anomalies were demonstrated in three. One had 
bilateral renal agenesis, another had a horseshoe kidney, and 
another had marked cystic dysplasia of one kidney (cystic 
kidney type Il) and absence of the contralateral kidney. 

In one patient, sonographic examination showed a small 
urinary bladder but no kidneys. A prenatal cytogenetic diag- 
nosis of full trisomy 22 was made. The fetus died, and 
postmortem examination showed multiple congenital malfor- 
mations including agenesis of the left kidney and an ectopic 
right pelvic kidney. 
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Fig. 1.—Intrauterine growth retarda- 
tion. Longitudinal sonogram (A) of a 17- 
week gestation with normal amount of 
amniotic fluid. Follow-up sonogram (B) at 
23 weeks shows marked oligohydram- 
nios with crowding of fetal limbs. F = 
femur; AF = amniotic fluid; P = placenta; 
B = maternal bladder. 





Fig. 2.—Infantile polycystic kidney disease. Transverse sonogram of the 
fetal abdomen at 30 weeks gestation demonstrating marked enlargement of 
both kidneys (arrows). Note increased echogenicity of kidneys and absence of 
amniotic fluid. S = fetal spine. 


In three patients there were no sonographic abnormalities 
of the fetal urinary tract. Of these, two died, but no urinary 
tract anomalies were noted on postmortem examination; the 
other was a liveborn infant with no postnatal evidence of 
urinary tract anomalies. 


Discussion 


Amniotic fluid in early pregnancy is derived from maternal 
and fetal extracellular fluid by dialysis across tissue layers 
largely impermeable to protein [1]. After midpregnancy, dif- 
fusion across the fetal skin is impaired by cornification. Fetal 
urine begins to play an increasingly important role in the 
maintenance of amniotic fluid volume, and excretion of hy- 
potonic fetal urine has been noted as early as 12 weeks 
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Fig. 3.—Meckel's syndrome (constel- 
lation of encephalocele, infantile polycys- 
tic kidneys, polydactyly). Longitudinal (A) 
and magnified transverse view (B) of the 
fetal abdomen of an 18-week gestation 
with marked oligohydramnios. Fetal ab- 
domen is markedly distended by a large 
mass (large arrows) containing many 
small cysts (small arrows). No normal kid- 
neys or urinary bladder was identified. C 
-= fetal chest; H = fetal head; S = “etal 
spine. 


gestation [4]. At 18 weeks jestation, fetal urine production 
has been estimated to be 7-17 mi/day, and it increases 
steadily throughout pregnar cy. At term, it is approximately 
800 mi/day, which equals the total amniotic fluid volume at 
this stage [4]. Amniotic fluic in normal pregnancy increases 
by a maximum of 10 mi/day [4]. Approximately half the daily 
urine produced is removed by fetal swallowing. Recent work 
indicates that most of the remainder may be reabsorbed in 
the fetal lungs [4]. 

Amniotic fluid is felt by some to play a crucial role in fetal 
lung development [5]. With early and severe oligohydramnios, 
thoracic compression may additionally contribute to pulmo- 
nary hypoplasia [5]. With less severe oligohydramnios, suffi- 
cient pulmonary growth and development may occur allowing 
for survival with varying degrees or even absence of pulmo- 
nary dysfunction. Hypoplastic lungs associated with oligohy- 
dramnios show histologic cnanges consistent with arrested 
maturation [5]. 

The period of time selected for our study (16-30 weeks) Is 
of interest for two importart reasons. First, the role of fetal 
urine excretion in the maintenance of amniotic-fluid volume is 
probably not significant before this time. One patient had a 
sonogram at 12 weeks and two at 17 weeks gestation with 
normal amniotic fluid. On subsequent scans at 29, 23, and 
21 weeks gestation, respectively, marked oligohydramnios 
was present (Fig. 1). This time period is also important be- 
cause any gross, life-threatening anomalies should be rec- 
ognized before 20 weeks if a therapeutic abortion is to be 
performed. 

The sonographic diagnosis of oligohydramnios in our pa- 
tients was based on subjective criteria (Fig. 1). Quantitative 
measurements of the largest pocket of amniotic fluid were 
also obtained in all of the petients. Several investigators have 
advocated quantitative techniques in the assessment of oli- 
gohydramnios [6-8]. We felt that over a wide range of ges- 
tation ages, numeric values did not provide a consistent 
assessment of oligohydramnios. 

A number of conditions have been associated with a de- 
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creased volume of amniotic fluid. These include ruptured 
membranes, fetal demise, intrauterine growth retardation, and 
renal anomalies [1]. The explanations in cases of ruptured 
membranes or fetal demise are obvious, as there is leakage 
of amniotic fluid or cessation in production, respectively. The 
etiology in intrauterine growth retardation is less clear. One 
mechanism that has been proposed is a decreased production 
of fetal urine and lung liquid as a result of redistribution of 
cardiac output induced by hypoxemia. Experimental work in 
fetal lambs and monkeys has demonstrated that chronic 
uteroplacental insufficiency is associated with an increased 
incidence of intrauterine growth retardation and fetal hypox- 
emia [9-10]. Experimental hypoxemia in fetal lambs results 
in redistribution of blood flow from “low priority organs” (lung 
and kidneys) to “high priority organs” (brain and heart) [11]. 
The degree of redistribution is felt to be related to the severity 
of the insult. 

Chronic fetal hypoxemia may have contributed to dimin- 
ished or absent renal function in at least six of our patients. 
in three, marked intrauterine growth retardation was sus- 
pected from sequential clinical and sonographic evaluations. 
One additional patient had a probable chronic intrauterine 
infection, a condition previously associated with intrauterine 
growth retardation. In three additional patients, the pregnancy 
was complicated by chronic maternal hypertension or pree- 
clampsia, and although fetal growth was felt to be consistent 
with dates on sequential evaluations, chronic uteroplacental 
insufficiency may have been present. 

Urinary tract anomalies associated with decreased or ab- 
sent fetal urine production are well recognized causes of 
oligohydramnios. These include bilateral obstructive uropathy, 
bilateral renal agenesis, and bilateral cystic renal disease [2, 
8, 12, 13]. Unilateral fetal urinary tract disease (i.e., unilateral 
obstructive uropathy) has also been associated with oligohy- 
dramnios [12]. The fetal urinary bladder should be consist- 
ently identifiable by 18 weeks gestation, and persistent failure 
of visualization strongly suggests nonfunction of the kidneys 
(Fig. 3) [5]. Normal fetal kidneys may also be identified at 18 
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weeks gestation, although early visualization is not as easy 
as with the bladder. 

Infantile polycystic kidneys (polycystic kidney disease type 
I) and cystic dysplastic kidneys (cystic kidneys type Il) are 
irreversible conditions, and sonographic differentiation from 
potentially reversible fetal hydronephrosis may be clinically 
useful. Fetal interventional procedures consisting of in utero 
decompression by suprapubic and transurethral catheter 
drainage of fetal urine into the amniotic sac have been used 
in a limited number of fetuses with bilateral hydronephrosis 
[5]. Preterm delivery, particularly after 32 weeks and extrau- 
terine decompression, may be an option [5]. Early hydrone- 
phrosis results in dilatation of the infundibulum and calices 
and has the sonographic appearance of branching, fluid-filled 
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Fig. 4.—Posteior urethral valves. Lon- 
gitudinal (A) sonagram of the fetal abdo- 
men at 29 weeks gestation reveals 
marked distension of the bladder (B) and 
both ureters (U). 4 more posterior longi- 
tudinal sonograrr (B) shows marked hy- 
dronephrosis (H) of both kidneys. A = 
aorta; V = inferio vena cava. 


Fig. 5.—Bilate-al cystic dysplastic kid- 
neys. Longitudineé (A) and transverse (B) 
sonograms of fetal abdomen demon- 
Strate low-lying cystic right kidney (curved 
arrow) and norrrally located cystic left 
kidney (straight =row). S = spine; V = 
inferior vena cava A = aorta. 


structures of uniform size deployed centrally (Fig. 4) [1]. With 
progression, thinning of the renal parenchyma occurs, ulti- 
mately resulting in a large, solitary, cystic structure. Arger et 
al. [14] have suggested that the combination of a renal pelvis 
measuring 10 mm or more in anteroposterior diameter and a 
maximal transverse pelvic diameter exceeding 50% of the 
renal diameter at the same level can be used to identify 
significant fetal hydronephrosis. Cystic dysplastic kidneys 
appear sonographically as multiple cysts of various sizes (Fig. 
5) [1]. The cystic structures cannot always be identified and, 
when seen, are randomly distributed. Infaniile polycystic kid- 
neys are sonographically large and more typerechoic than 
normal [1]. Cystic structures are rarely identified (Fig. 2). 

Ten of our sixteen patients had a urinary tract anomaly and 
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seven of these were anomalies that have been associated 
with oligohydramnios. Sonography identified a renal anomaly 
in five of the seven. Furthermore, sonography was able to 
more specifically characterize the urinary tract anomaly as 
hydronephrosis or cystic renal disease. In a sixth patient who 
had bilateral renal agenesis >n postmortem examination, no 
kidneys ceuld be identified sonographically. The fetal urinary 
bladder may be visualized sonographically in the absence of 
adequate urine output. In four of these six patients, a small 
bladder was visualized. The important observation is whether 
there is bladder filling and emptying on serial examinations. 
In two cases where this was done, no bladder filling or 
emptying was seen (Fig. 2). In the seventh patient, no fetal 
kidneys were identified sonographically, and a single cystic 
dysplastic kidney was noted on postmortem examination. 
The failure to visualize a fetal bladder suggested nonfunction 
of the kidneys. The sonographic findings played a role in 
electively terminating four of the six pregnancies, and all four 
had findings on postmortem examination that were incom- 
patible with extrauterine viability (i.e., bilateral renal agenesis, 
cystic renal disease, either bilateral or with agenesis of the 
contralateral kidney, or severe hydronephrosis with pulmo- 
nary hypoplasia). 

Two patients had unilateral urinary tract disease. Sonog- 
raphy was able to identify the anomaly in one of these. In the 
other, the solitary pelvic kidney was not identified, possibly 
because cf its ectopic location. As previously discussed, fetal 
hypoxemia probably contributed to the development of oli- 
gohydramnios in these two patients. One patient had a horse- 
shoe kidney, a urinary tract anomaly not causally related to 
oligohydramnios. The fetal kidney was not identified, again, 
possibly because of its ectopic location. 

In three of six patients without urinary tract anomalies on 
postmortem examination or postnatally, no fetal kidneys or 
bladder were identified soncgraphically. The poor fetal/fluid 
interface as a result of severe oligohydramnios most likely 
contributed to the nonvisualization of the kidneys. The bladder 
was not identified presumably because of the lack of fetal 
urine production. 

In conclusion, sonographi> detection of oligohydramnios 
between 15 and 30 weeks is associated with a poor prognosis 
and a high frequency of urinary tract anomalies. Because of 
this, a careful examination o` the fetus should be performed 
with special attention to the fetal kidneys and bladder along 
with dynamic sonographic assessment of fetal urine produc- 
tion, if indicated. This information can then be used in devel- 
oping a rational maternal and fetal management strategy. 
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Diagnostic Imaging in Ophthalmology. Edited by Carlos F. Gonzalez, Melvin H. Becker, and Joseph C. Flanagan. 


New York: Springer-Verlag, 366 pp., 1986. $129 


This book is written for radiologists, ophthalmologists, neurolo- 
gists, neurosurgeons, plastic surgeons, and others interested in the 
evaluation of disorders with ophthalmologic signs and symptoms. It 
quite successfully meets its objective of providing recent knowledge 
in this area derived from sonography, CT, and MR. 

The book's 17 chapters are divided into three sections. The first 
section is a thorough discussion of imaging techniques, including CT, 
MR, sonography, plain-film radiography, polytomography, and con- 
trast techniques (angiography and venography). The second section 
discusses the role of those methods in the evaluation of ophthalmic 
disorders. The third section describes the application of those tech- 
niques to the radiotherapy of ophthalmologic tumors. 

Without exception, the chapters are concise, beautifully illustrated, 
and adequately referenced. Of note are the numerous, extremely 
useful line drawings that accompany radiographs throughout the text. 
Multiformat CT photography has also been extensively utilized, re- 
sulting in a large number of high-quality illustrations within this com- 


Pediatric Ultrasonography. Edited by Gabriel Kalifa. New 


The aim of this book is to provide a practical review of pediatric 
sonography. The first chapter covers antenatal sonographic diagno- 
sis, Outlining normal and abnormal fetal anatomy. Each of the remain- 
ing 12 chapters is devoted to an organ system or a part of the body. 
The result is an overview of the anatomy and pediatric diseases of 
the central nervous system, neck, gastrointestinal tract, liver. biliary 
tree, spleen, pancreas, urinary tract, pelvis, and scrotum. The cardi- 
Ovascular system is notably absent. Interventional procedures are 
briefly mentioned. 

The major weakness of this book is undoubtedly the translation. 
Originally published in French, the English translation is awkward and 
at times convoluted. There are, however, numerous illustrations (413 
figures), which are clearly labeled. The quality of the reproductions is 


paratively small book. The judicious use of tables has helped to 
preserve the readability of the text. 

The many radiographs with corresponding patient photographs 
within the congenital abnormalities chapter are particularly notewor- 
thy, instructive, and complete for a book of this size. 

The CT, MR, and sonographic images are generally of superior 
quality. The inclusion of few surface-coil images is no doubt the result 
of delays inherent to book publication. 

In conclusion, | believe that this would be an extremely useful text 
for radiologists and clinicians concerned with ophthalmologic disor- 
ders. | do not know of another book of this size that contains such a 
wealth of current, easily accessible information on this topic. It would 
be a valuable addition to the library of most departments of radiology. 


Mark Healy 
University of California, San Diego 
San Diego, CA 92103 


York: Springer-Verlag, 241 pp., 1986. $52 


generally good, with the exception of the images of the neonatal brain 
and the thyroid gland. Of particular note is the chapter on pediatric 
nephrology. The authors have had considerable experience with 
medical renal disease and discuss various entities, such as hemolytic 
uremic syndrome, polycystic kidney disease, and medullary cystic 
disease, as well as renal transplantation. Except perhaps for the 
section on nephrology, this book is not recommended as a general 
reference for radiologists already experienced in pediatric sono- 
graphic imaging. The many illustrations, however, will be of interest 
to the newcomer in this field. 
Cynthia E. Withers 
University of California, San Diego 
San Diego, CA 92103 
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Pseudoomphalocele: Pitfall in 
Fetal Sonography 





Compression of the fetal abdomen between the walls of the uterus or placenta can 
result in an appearance that mimics that of omphalocele on sonography. This may be 
caused by oligohydramnios or by a transient compression of the fetal abdomen with a 
normal amount of amniotic fluid. Four cases of pseudoomphalocele and one case of 
true omphalocele are presented. 


Omphalocele is a defect in the anterior abdominal wall in which there is an 
absence of abdominal muscles, fascia, subcutaneous muscle, and skin at or 
surrounding the junction of the umbilical cord with the skin [1]. Herniated viscera 
protrude through the defect and are covered by a layer of amnion. The umbilical 
cord extends into the hernia sac. 

The prenatal sonographic examination in fetuses with omphalocele shows a 
small fetal trunk with protrusion of viscera. The omphalocele, covered by a 
membrane, may have the appearance of amass contiguous with the anterior trunk. 
The umbilical cord can be seen to extend into the hernia sac [2-4]. 

When the fetal abdomen is surrounded by a normal amount of amniotic fluid, the 
prenatal sonographic diagnosis of omphalocele is usually straightforward. However, 
the fetal abdomen is pliable, and if compressed between opposing uterine walls, it 
can be distorted. This causes an appearance similar to that of an omphalocele. 
Such distortion can occur in the course of a normal pregnancy because of transient 
compression of the fetal abdomen by the uterine walls, but it is more likely to be 
observed when oligohydramnios restricts available space in the uterine activity. 
Four cases that illustrate these findings and a case of true omphalocele are 
presented. 


Materials and Methods 


The patients were seen at the Boston City Hospital or at St. Elizabeth's Hospital. 
Examinations were performed with a real-time sonographic scanner (Advanced Technology 
Lab, Belleview, WA, and Acuson, Mountainview, CA, units). Systematic screening of the 
fetus in addition to careful evaluation of the uterine cavity, placenta, and uterine walls was 
done in every case. 

Three cases had a pseudoomphalocele associated with oligohydramnios (Fig. 1). In the 
fourth case, a normal fetus demonstrated a pseudoomphalocele initially, when the fetal 
abdomen was compressed between the placenta and the uterine wall (Fig. 2A). After the 
fetus changed position, the abdomen was normal (Fig. 2B). A fifth case is that of a fetus with 
a true omphalocele. 


Discussion 


According to Duhamel, an omphalocele is created when four folds that normally 
form the primitive pleuroperitoneal cavity fail to fuse [5]. However, this explanation 
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Fig. 1.—A, Sonogram showing a pseudoomphalocele. Fetus with gestational 
age of 28 weeks with intrauterine growth retardation and oligohydramnios. 
Transverse section of abdomen demonstrates apparent herniation of viscera 
outside abdomen’s contour. Note obtuse angle formed by apparent mass and 
abdominal wall (arrow). This appearance mimics a true omphalocele. B, Sono- 
gram showing a pseudoomphalocele in a single intrauterine pregnancy and 
gestational age of 23 weeks. Oligohydramnios noted with an apparent anterior 
abdominal mass (arrows) that appears to contain liver. Asterisks indicate 





is disputed by deVries, who states that these folds do not 
exist embryologically and that an omphalocele occurs when 
there is persistence of body stalk in the region normally 
occupied by the structures that form the abdominal wall 
(fascia, oblique and rectus abdominis muscles, and skin) [1]. 
The extent of the developmental failure of these structures 
determines the size of the defect, which can range from 
complete lack of a ventral abdominal wall to a widened cord 
into which a small amount of bowel protrudes; i.e., an umbilical 
hernia. 
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anteroposterior diameter. Umbilical and portal veins are seen. Apparent mass 
originates from rib margins and forms an obtuse angie with abdominal wall. 
Three weeks later a cesarian section was performed because of maternal 
infection. A normal fetus was delivered. C, Sonogram shows pseudoomphalo- 
cele. Single intrauterine pregnancy and gestational ageof 22 weeks. Apparent 
defect of anterior abdominal wall with herniation of abdominal contents into a 
hernia sac (arrowheads). Oligohydramnios is present, and the attachment to 
rib margins and obtuse angle at junction point are seen again. 


Fig. 2.—A, Sonogram showing a pseudoom- 
phalocele. Single intrauterine pregnancy and ges- 
tational age of 26⁄2 weeks. Transverse section of 
fetal abdomen with apparert herniation of liver out- 
side abdomen resembling omphalocele (arrows). 
Fetus is wedged between placenta and uterine wall. 
B, After change in fetal position, apparent anterior 
mass is no longer present. 


There are two situations that can mimic the appearance of 
omphalocele during prenatal sonography. One occurs in the 
presence of oligohydramnios, which allows the uterus to exert 
pressure on the abdominal wall of the fetus. Because of the 
pliability of the fetal abdomen, it elongates in the anteropos- 
terior dimension and narrows in the transverse dimension, 
producing a false impression of herniated viscera on the 
sonogram. The umbilical cord and vessels appear to extend 
into the midline of the apparent herniation. 

The second situation that can create the false appearance 
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Fig. 3.—A, Sonogram showing true 
omphalocele. Single intrauterine preg- 
nancy and gestational age of 172 weeks. 
Longitudinal section of fetus showing 
large mass (asterisks) protruding fron ab- 
dominal wall. Note acute angle formed by 
mass and anterior abdominal wal. B, 
Same patient as in A. Transverse section 
of abdomen with omphalocele containing 
liver and spleen. Note acute angle (amow) 
and portion of intervening abdomina wall 
between rib margin and defect. 


of an omphalocele occurs when the fetal abdomen becomes 
wedged in the uterus, in contact with myometrium or placenta 
on two sides. This position can also cause compression of 
the fetal abdominal wall in the absence of oligohydramnios. 
In this case, changing the mother’s position can change the 
fetal position, after which a normal-appearing fetal abdomen 
can be seen. 

The acute angle formed by the apparent anterior abdominal 
mass and the abdominal well helps to identify a true omphal- 
ocele (Fig. 3B). This is distinct from the obtuse angle that is 
created by the pseudoomphalocele, which is caused by 
compression of the fetal abdomen (arrow, Fig. 1B). The 
pseudoomphalocele also extends from one side of the abdo- 
men, or rib margin, to the other without any intervening normal 
abdominal wall. A true omodhalocele, unless massive, often 
has some portion of the abdominal wall lateral to the defect. 
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MRI of Dissection of the Aorta: Recognition of the Intimal 
Tear and Differential Flow Velocities 


Robert E. Dinsmore,' Van J. Wedeen,' Stephen W. Miller,' Bruce R. Rosen,’ Michael Fifer,? G. J. Viahakes,° 


Robert R. Edelman,’ and Thomas J. Brady’ 


The use of MRI for diagnosis of aortic dissection has 
recently been described, including identification of the true 
and false channels and involvement of aortic branches [1, 2]. 
The present report describes an additional finding: the iden- 
tification of the intimal tear in the ascending aorta in a patient 
with a type-A dissection. In addition, the identification of true 
and false aortic channels was enhanced by use of a phase- 
shift technique for display of differential rates of flow [3]. 


Case Report 


A 55-year-old woman was admitted to the Massachusetts General 
Hospital with progressive aortic insufficiency 4 weeks after having 
acute, severe pain in the anterior chest and neck. Echocardiography 
showed dissection of the ascending aorta. There was a loud murmur 
of aortic insufficiency. A chest radiograph demonstrated a dilated 
ascending aorta and normal heart size. 

MRI was performed with a 0.6-T system (Technicare Corp., Solon, 
OH) using electrocardiogram-gated spin-echo images with echo time 
(TE) equal to 30 msec. Images of 1-cm thickness were acquired in 
the short and long axes with a multislice technique. Short-axis images 
were obtained in a conventional image plane transverse to the thorax. 
Long-axis images were obtained by a technique described previously 
[4, 5]. 

MR images showed a type-A aortic dissection with a partition, or 
flap, between true and false channels from the ascending aorta to 
the abdominal aorta (Fig. 1). The partition could be seen either as a 
thin line of medium signal intensity between two areas without signal 
owing to flowing blood, or as a signal arising from slowly flowing 
blood in the false channel contrasted to the absence of signal in the 
true lumen. The series of contiguous short-axis images identified the 
intimal tear by showing direct extension of the flow void from the true 
lumen into the false channel on an image slice through the lower 
ascending aorta, while adjacent images showed the partition sepa- 
rating the two channels to be intact (Figs. 1B-1D). 

The image data were also evaluated by a phase-display method 
described by Wedeen et al. [3]. This method provides an image of 
phase differences induced by the motion of blood through the imaging 


gradients. It achieves this by superimposing a first-order phase shift 
on the real image component during image reconstruction. This 
superimposed phase shift appears as a series of stripes. The stripes 
remain straight within stationary tissues, but moving protons such as 
flowing blood cause a local shift of the stripes in the direction of 
motion. The case presented here showed a double phase shift within 
the aorta corresponding to flowing blood in the true and false channels 
separated by the intimal flap (Fig. 2). 

Aortography confirmed the location of the tear and the extent of 
dissection. At surgery, an intimal tear in the midascending aorta was 
found. The ascending aortic segment including the tear was resected 
and replaced with a woven dacron graft, and the aortic valve cusps 
were resuspended. Recovery was uneventful and the patient was 
doing well 6 months after discharge from the hospital. 


Discussion 


Definitive surgery for dissecting hematoma consists of ex- 
cision of the aortic segment containing the intimal tear and 
exclusion of the proximal end of the false channel from 
pulsatile aortic flow by oversewing the resected ends, usually 
with interposition of a prosthetic graft. This technique is widely 
used [6], although recently Miller et al. [7] found no statistically 
significant difference in operative mortality, functional result, 
or late attrition when the primary intimal tear had been re- 
sected compared with when it had not. In their series the 
intimal tear was resected in most cases (78%), however, and 
5-year survival for the largest subgroup (acute type A) was 
54 + 8% when the tear was resected compared with 20 + 
16% when the tear was not resected (although the numbers 
are small and the difference is not statistically significant). In 
most centers, resection of the intimal tear remains an essential 
part of surgical management [6], and preoperative angio- 
graphic evaluation has emphasized determining the precise 
location of the proximal intimal tear. 

Early reports suggest that MRI may be as accurate as CT 
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Fig. 1.—A, MRI in long axis and B-D, series of contiguous short axis images at level of ascending 
aorta. Arrows indicate partition between aortic lumen and false channel. D, Curved arrow indicates 
communication between true and false channels at intimal tear. 





Fig. 2.—A, MRI in long axis of thoracoabdominal 
aorta and B, phase-shift image showing series of 
stripes across the image with double phase shift 
(arrows) due to slowly moving blood in both true 
and false channels. 
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for diagnosis of dissecting hematoma, using either transverse 
[1] or transverse, coronal, and Sagittal image planes [2]. MRI 
may be superior to CT in evaluation of involvement of aortic 
branches [1]. Other advantages include the Capability of MRI 
to image in many planes, including a true long-axis plane [4, 
5], and to precisely identify the intimal tear. Identification of 
the tear has not been possible with CT, although such iden- 
tification has been reported by Doppler color-flow mapping 
[8] and may provide important additional information in some 
patients. The phase-shift technique may be particularly useful 
in demonstrating separate channels in cases with similar flow 
velocity and signal intensity in the true and false lumens, and 
in distinguishing intraluminal signal caused by slow flow from 
thrombus. 
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CT Evaluation of 
Retroperitoneal Hemorrhage 
Associated with Femoral 
Arteriography 





CT was used to assess retroperitoneal hemorrhagic complications temporally related 
to femoral artery catheterization in eight patients. In six patients with retroperitoneal 
hemorrhage caused by an angiographic complication, CT showed a high-density soft- 
tissue mass originating at the inguinal vessels and extending into the ipsilateral retro- 
peritoneal spaces. In the other two patients, CT not only excluded significant bleeding 
from the catheterized vessel but determined an alternative diagnosis (hematoma sec- 
ondary to anticoagulation and pneumatosis intestinalis due to ischemic bowel). CT 
findings prompted surgery in three patients. 


The Seldinger technique of transfemoral catheterization is a safe procedure with 
an overall complication rate of 1%-2% [1, 2]. Small hematomas at the femoral 
puncture site are relatively common, easily recognized, and usually insignificant 
[1]. However, if blood tracks into the loose areolar retroperitoneal fatty tissue, a 
large, silent hematoma may develop and cause significant complications [3]. 
Because the retroperitoneum is best evaluated by CT [4, 5], we used CT to study 
eight patients with retroperitoneal hemorrhage after femoral angiography. 


Methods and Materials 


Over the past 2 years, six women and two men with retroperitoneal hematomas after 
femoral artery catheterization were examined with CT. The eight patients ranged in age from 
17 years to 76 years, with a mean age of 57 years. The diagnosis was made within 48 hr in 
all but two patients. 

On admission, relative contraindications to angiography were present in four patients, but 
these were corrected before femoral artery catheterization. 

Angiography was performed for neuroradiologic evaluation in three patients, cardiac 
catheterization in three patients, and peripheral vascular evaluation in two patients. A 5- 
French catheter was routinely used except for cardiac catheterizations, for which 7-French 
catheters were used. 

An immediate complication at angiography was noted in only one of eight patients. In this 
patient the right external iliac artery was lacerated during cardiac catheterization, prompting 
immediate surgical repair. None of the patients had a clinically detectable abnormality in the 
groin at the end of the angiographic procedure. Two patients underwent two separate femoral 
arteriograms, entering both femoral arteries before the CT examination. Physical examination 
in these two patients was not helpful in lateralizing the hematoma. 

The indications for CT examination included (1) a significant drop in hemoglobin, ranging 
from 2-4.5 g/100 ml (eight patients), (2) hypotension (three patients), and (3) abdominal pain 
(four patients). All patients were scanned on a GE 8800 or 9800 CT scanner using 1-cm 
collimation at 1- or 2-cm table increments through the abdomen and pelvis. Intravenous 
contrast material was administered in three patients, and four patients received oral contrast 
material. 

The CT findings prompted surgery on three patients. The other five patients were managed 
conservatively. 
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Results 


A high-density soft-tissue mass originating at the inguinal 
vessels was the diagnostic finding in the six patients with 
retroperitoneal hemorrhage caused by angiography (Fig. 1). 
In all patients, the disruption of the normal anatomy of the 
inguinal vessels was minimal compared with the size of the 
retroperitoneal hematoma. In one patient the origin of the 
hematoma was located posterior to the vessels (Fig. 2) and 
was therefore not palpable. 
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Fig. 1.—CT seme day subsequent to 
left common iliac artery dilatation via left 
femoral artery. A, Left rectus sheath he- 
matoma (arrows) and hematoma along 
left iliacus muscle (arrowheads). B, Origin 
of hematoma (H) anterior to calcified ar- 
tery. Left pelvic hematoma (PH) com- 
presses bladder with Foley catheter. 


Fig. 2.—CT, 2 days after cardiac cath- 
eterization. A, Origin of hemorrhage (ar- 
row ) located posterior to common femoral 
artery explains absence of palpable groin 
hematoma. Artery was the site of arteri- 
otomy for perfusion during previous car- 
diac surgery. B, Hematoma (H) extends 
to posterior pararenal space and psoas 
muscle, displacing right kidney anteriorly. 


Fig. 3.—CT, 4 days after cardiac cath- 
eterization via right femoral artery. Anti- 
coagulants startec after catheterization. 
A, Left rectus sheath hematoma (arrows). 
Lobulated pelvic hematoma (H) com- 
presses contrast-filied bladder (B). B, Nor- 
mal anatomy of right inguinal area ex- 
cludes hematoma caused by femoral ar- 
tery puncture. Major portion of hematoma 
(H) in pelvis explains inability to palpate it. 


Neither of the two patients who underwent CT examination 
more than 48 hr after angiography had laceration of the 
femoral artery. The patient who was scanned 9 days postan- 
giography demonstrated a small amount of retroperitoneal 
hemorrhage in the area of the repaired lacerated external iliac 
artery. However, necrotic bowel was suggested by the finding 
of pneumatosis intestinalis. This diagnosis was subsequently 
confirmed at surgery. The patient who was scanned 4 days 
postangiography was found to have a left sectus abdominis 
muscle hematoma and a pelvic hematoma demonstrated by 
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CT (Fig. 3. Anticoagulants had been started on this patient 
after the angiogram, and because the inguinal vessels were 
of normal appearance (Fig. 33), the hematomas were thought 
to be caused by anticoagulation rather than by arterial lacer- 
ation. This diagnosis was confirmed at surgery, when the 
large hematomas were evacuated and an exploration of the 
vessels showed them to be ntact. 


Discussion 


In a series of 83,068 patients, the overall arteriographic 
complication rate with the transfemoral Seldinger technique 
was 1.73% [1]. Hemorrhage and arterial obstruction were the 
most common complications, occurring in 0.26% and 0.14% 
of the cases, respectively. Less common complications were 
pseudoaneurysms, arteriovenous fistula formation, and infec- 
tion. 

Retroperitoneal hematomas are most often due to trauma, 
vascular tumors, leaking aneurysms, blood dyscrasias, anti- 
coagulation, and long-term hemodialysis [6]. Pelvic and ret- 
roperitoneal hematomas secondary to angiography are un- 
common, and only a small number have been described 
(3, 71. 

Localized inguinal hematcmas are usually readily identified 
but clinically insignificant [7]. However, retroperitoneal he- 
matomas are difficult to recognize because blood silently 
tracks in the loose retroperi-oneal fatty tissue. Except for the 
case of iliac artery perforation, which was immediately rec- 
ognized, the only clues as to the presence of significant 
hemorrhage were the associated systemic symptoms, not 
the physical examination. When bilateral femoral artery punc- 
tures were performed, evaluation of the groin failed to later- 
alize the side of retroperitoreal hemorrhage. 

Factors predisposing to angiographic complications include 
inexperience of the angiographer, multiple traumatic punc- 
tures, large-bore catheterization equipment, inadequate post- 
operative compression of the puncture site, hypertension, 
and anticoagulation. Factors contributing to the retroperito- 
neal hemorrhages in this series were perforation of a major 
vessel (one patient), too high a puncture site (one patient), 
puncture of an abnormal artery (two patients), and puncture 
of an arterial graft (one patient). Two of these factors, the 
mislocation of the puncture site and the abnormal condition 
of the artery, particularly p-edispose to significant retroperi- 
toneal hemorrhage. 

The common femoral artery should be punctured just distal 
to the inguinal ligament. If the puncture (of either the anterior 
or posterior wall) is cranial to the ligament, the external iliac 
artery is punctured and not the common femoral artery. As 
the external iliac artery tuns sharply, posteriorly, into the 
pelvis just above the inguinal ligament, adequate arterial 
compression cannot be mezintained at the end of the proce- 
dure. Furthermore, the loose areolar retroperitoneal tissue 
surrounding the artery cannot provide adequate tamponade 
of a bleeding site [8]. That bleeding resulted from a high 
puncture site was surgically proven in one of our patients. 

In twoeof the patients with significant hematomas, an artery 
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was punctued that had previously been the site of arteriotomy 
for perfusion during cardiac bypass surgery. In the one patient 
on whom surgery was performed, extensive periadventitial 
scarring prevented normal hemostasis. In another patient, 
significant hemorrhage occurred after puncture of an arterial 
graft. Although puncture of an arterial graft is considered safe 
[9], the degree of bleeding in this patient might have been 
due in part to the nonretractile nature of the punctured graft. 

Retroperitoneal hemorrhage is detectable on CT as an 
abnormal, high-density soft-tissue mass with resultant 
compression or distortion of the normal retroperitoneal struc- 
tures [4]. In all cases in which retroperitoneal hemorrhage 
was caused by bleeding from the puncture site, the high- 
density soft-tissue mass originated at the inguinal vessels 
and was contiguous with the soft-tissue mass in the retro- 
peritoneum. This sign was specific and has not been de- 
scribed in the other causes of retroperitoneal bleeding. In all 
cases where the hemorrhage was due to angiography, sys- 
temic symptoms without localizing signs developed within 48 
hr after the procedure. In both cases in which CT was 
performed beyond this period, CT revealed a different cause 
of the symptoms. Thus, CT was not only able to exclude 
damage to the femoral artery, it was able to suggest the 
correct diagnosis of a rectus muscle hematoma due to anti- 
coagulation in one patient and the presence of ischemic bowel 
in a second patient. 

Surgery is performed if there is evidence of continued 
bleeding. CT is helpful in this setting as it can precisely 
determine the size of a hematoma, the arterial bleeding site 
(which may be remote from the bulk of the hematoma), and 
the intraabdominal compartment into which the hematoma 
extends. This localization is valuable to the surgeon in plan- 
ning an appropriate operative approach. 

At our institution, approximately 4400 arteriograms were 
performed in 1985. There were 2900 cardiac catheterizations, 
1100 nonneurologic vascular procedures, and 400 neurora- 
diologic angiograms. Despite newer, noninvasive imaging 
techniques, the number of angiograms continues to increase 
owing to the introduction of digital subtraction angiography 
and to the growth of vascular-interventional radiology. As a 
result, the absolute number of potential complications and 
their treatment will also continue to increase. 

The results of treatment of angiographic complications are 
directly related to the speed with which definitive therapy is 
instituted [10]. This in turn necessitates the recognition and 
expedient diagnosis of the complication. CT cannot only 
detect and localize retroperitoneal hemorrhage, it can localize 
the origin of the bleeding site and help determine the most 
appropriate surgical approach. 
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MR Appearance of Blood 
and Blood Products: An in vitro 


Study 





There are conflicting reports on the appearance of blood and blood clot as seen in 
the human body by MRI. This study was designed to show the in vitro MR signal intensity 
of human blood products in the fresh state and to evaluate the serial MRI changes that 
occur over time (2 weeks). T1 relaxation times were also measured. Anticoagulated 
whole blood, plasma, serum, white blood cell concentrates, platelet concentrates, lysed 
red cells, red cell concentrates, and blood clot were studied. The results show that 
plasma and serum have similar T1 values, as do lysed and intact erythrocytes. T1 of 
serum and plasma rose initially and then fell with the aging of the samples. T1 of red 
blood cells, clot, and packed red blood cells decreased for the first 48 hr and then 
remained constant for 7 days before increasing to the initial values by 2 weeks. Platelets 
and white blood cells had little influence on the MR image. However, temperature had a 
significant effect on T1 and signal intensity. In vivo clots are complex mixtures of whole 
clot, lysing clot, serum, and plasma influenced in various ways by the adjacent normal 
or diseased tissues. The chemical and physical properties of the mixture change 
constantly. Because of the clot’s complex nature, determining the age of a hematoma 
from the appearance of clots on the MR image may not be possible. 


The interpretation of MR images is difficult because the signal intensity of any 
tissue depends on the imaging pulse sequence chosen. Images of blood are even 
more difficult to interpret because the signal intensity varies, depending not only 
on the pulse sequence, but also on whether the blood is clotted and the age of the 
clot. In order to facilitate the interpretation of images of blood in vivo, we studied 
the in vitro MR appearance of human blood and a variety of blood products under 
a range of experimental conditions. 


Materials and Methods 


The following human blood products were studied: 2-month-old plasma, fresh plasma, 2- 
month-old packed red blood cells, fresh packed red blood cells, fresh hemolysed red blood 
cells, fresh white blood cell concentrate, 1-month-old platelet concentrate, fresh heparinized 
blood, fresh clotted blood, fresh methemoglobin in whole blood, and fresh methemoglobin in 
packed red cells. 

All fresh blood products were from healthy adult volunteers. The “old” blood products were 
from the hospital blood bank. All samples were placed in 10-ml test tubes. Residual air was 
removed and the test tubes were capped with rubber stoppers. They were then kept horizontal 
and were not agitated. MR images were obtained in a vertical plane at right angles to the 
long axis of the test tubes. Slice thickness was 1.5 cm. Two tubes of each product were 
scanned. 

Samples were kept in a 37°C water bath. Additional samples of heparinized blood, clotted 
blood, and white blood cells were kept in a refrigerator at 4°C. The samples were removed 
from the water bath or refrigerator immediately before scanning. 

Methemoglobin and hemolysed red cells were imaged only once. The other products were 
imaged nine times during a period of 16 days. All images were analyzed to show the relative 
signal intensities of the different blood products with different pulse sequences and at different 
times. 
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All the images were obtained with a Technicare (Solon, OH) 
0.15-T MR scanner. On each occasion images were obtained with 
the following pulse sequences: inversion recovery with inversion time 
(Tl) 350 msec, repetition time (TR) 1200 msec; inversion recovery 
with TI 700 msec, TR 2200 msec; spin echo with echo time (TE):32 
msec, TR 550 msec; spin-echo multiecho acquisition with TEs of 32, 
64, 96, 128, 160, 192, 224, and 256 msec and TR 2000 msec. The 
images with long TE and long TR are strongly T2 weighted. 

T1 values were calculated with the Technicare OT1 program. This 
uses a composite spin-echo/inversion-recovery pulse sequence to 
obtain a two-point fit to the relaxation curve. We used a TI of both 
350 and 700 msec to improve the accuracy of the measurement. 

The T1 measurements were obtained using a region-of-interest 
cursor. In most cases there was little difference between T1s obtained 
with TI 350 (with TR 1200) or TI 700 (with TR 2200). In each case 
the results with the lowest standard deviation were used. For most 
measurements the standard deviation was less than 5% of the T1. 
Larger standard deviations were obtained only with white cell studies. 
All samples were paired; the mean of the results from each pair was 
used for analysis. Measurements of T1 made by two different ob- 
servers were within 1% of each other. 

White blood cell polymorphonuclear leukocytes were isolated from 
heparinized blood drawn from a normal adult donor. The blood was 
subjected to dextran sedimentation followed by Hypaque-Ficoll cen- 
trifugation [1] and further treated by hypotonic lysis of the erythro- 
cytes for 20 sec to separate the polymorphonuclear leukocytes. The 
polymorphonuclear leukocytes were Suspended in Krebs-Ringer 
phosphate glucose (pH 7.4), at a final concentration of 3 x 10’ cells/ 
ml. 

Hemoglobin was converted to methemoglobin by replacing the 
plasma and buffy coat from centrifuged whole blood with an equal 
volume of 0.145 M sodium nitrite in physiologic saline. After incubat- 
ing with sodium nitrite at 37°C for 20 min, the cells were washed 
four times with 10 volumes of phosphate-buffered saline (pH 7.4), at 
4°C [2]. 

Hemolysed red cells were produced by repeated passage of blood 
through a 27-gauge needle. The old plasma was frozen plasma, 
acquired directly from citrate-phosphate-dextrose anticoagulated 
blood with nothing else added to it for Storage. The platelet concen- 
trate was taken from a pooled sample of 10 donors and had been 
Stored at 4°C. The platelet concentration was approximately 1.2 
million/mm®. The old packed red blood cells were from a single donor 
and had been stored at 4°C. 


Results 


Figure 1 shows changes in T1 over time for old stored 
frozen plasma, fresh plasma (Supernate above settled red 
blood cells in heparinized blood), and fresh serum (separated 
from adjacent clot). The old plasma had a longer T1 than 
fresh serum or fresh plasma; the fresh serum and plasma had 
Similar T1 values. The old plasma showed little change in T1 
during 14 days, apart from a decrease at 12 hr. The fresh 
plasma above red blood cells and the fresh serum above clot 
showed an initial small decrease, then a rise, and then a 
Steady decrease in T1. On examination of the specimens, the 
plasma and serum were red in color because of red blood cell 
lysis and release of hemoglobin. 

Figure 2 illustrates changes in T1 over time in red cells in 
three different states. The old packed red blood cells, the 
settled red cells in heparinized blood, and the blood clot all 
show similar changes in T1. The T1 decreased about 60% in 
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Fig. 1.—Relation between T1 of and age of old plasma, fresh plasma, and 
fresh serum. 


600- 
`e z 
3) ‘7 
o 400 em 
v) 4 4 
& more a 
4 
= 200 
O SS 
O | 2 3 4 5 6 7 I6 
DAYS 


Fig. 2.—Relation between T1 of and age of old packed red blood cells (solid 
circle), settled fresh red blood cells in heparinized blood (triangle), and blood 
clot (open circle), all at 37°C. 


the first 2 days and then remained fairly stable until day 7. 
The values increased to the initial values on day 16. 

The packed red cells had been stored at 4°C for 2 months, 
yet they had initial and subsequent T1 values similar to the 
freshly obtained red cells and clot. This indicates, as meas- 
ured by T1, that no change in the hemoglobin composition of 
the red blood cells occurred during storage. 

Figure 3 illustrates the effect of storage temperature on T1 
of plasma and settled red blood cells in a Sample of heparin- 
ized blood. Storage was at 4°C or 37°C. The T1 for plasma 
was initially decreased by cold. For the red blood cells, the 
initial effect of cold was to lower T1. After 48 hr the warm red 
blood cells had a lower T1. 

Figure 4 illustrates the effect of storage temperature on T1 
of serum and blood clot. Storage was at 4°C and 37°C. 
Except for measurements on days 7 and 16, the T1 for serum 
was decreased by cold. For the clot, the initial effect of the 
cold was to lower T1. After 2 days the warm clot has a lower 
T1 than the cold clot. 


Lysis of Red Blood Cells 


Red blood cells were separated into two parts. In one 
sample the red cells were kept intact, in the other they were 
traumatically lysed. There was no effect noted from the lysis: 
The T1 of intact red blood cells was 444 + 8 msec, and the 
T1 of lysed red blood cells was 437 + 7 msec. Image 
intensities of both samples were similar on all pulse se- 
quences. 
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Fig. 3.—Relation between T1 of and age of plasma and settled red blood 
cells stored at 4°C or 37°C. 
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Fig. 4.—Relation between T1 of and age of serum and blood clot stored at 
4°C and 37°C 


TABLE 1: T1 Relaxation Times of Concentrated White Blood 
Cells in Buffer and of Buffer Alone 


T1 of White T1 of Buffer 
Blood Cells Solution 
Day (msec) 7 7 (msec) nn 
1 3924 + 650 2797 + 285 
2 3935 + 783 2953 + 405 
3 3779 + 735 3139 + 454 
4 3225 + 567 2889 + 342 
5 3289 + 523 3149 + 348 


Imaging of White Blood Celts 


The T1 of concentrated white blood cells in a Krebs-Ringer 
phosphate glucose buffer and of the buffer alone are given in 
Table 1. Because of the relatively large standard deviations, 
there was no influence of the white blood cells in an approx- 
imately five-times-normal concentration. 
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Fig. 5.—Effect of temperature on signal intensity of strongly T2-weighted 
image (TE 224, TR 2000). Stronger signals are obtained from the cold samples. 
Blood samples in test tubes; images obtained perpendicular to long axis of test 
tube (W, 37°C; C, 4°C). The arrows join samples of the same blood products. 
Top Row, Both tubes contain white blood cell polymorphonuclear leukocytes. 
Middle Row, Left two samples are clotted blood; clot appears black and serum, 
white. Right two samples are heparinized blood; settled red cells appear black 
and plasma, white. Lower Row, Left two samples are clotted blood; clot 
appears black and serum, white. Right two samples are heparinized blood; 
settled red cells appear black and plasma, white. 


Imaging of Platelet Concentrate 


In the concentrations studied, platelets appeared to nave 
little effect on the MR image. The T1 values of platelet 
concentrate and plasma were 1451 + 70 msec, 1477 + 83 
msec, respectively. On the T2-weighted spin-echo images, 
the intensities of both specimens were similar. 


Effect of Methemoglobin on T1 Relaxation Times 


The T1 of fresh packed red blood cells was 437 msec. The 
T1 of a sample of the same red cells treated with sodium 
nitrite to convert the hemoglobin to methemoglobin was 264 
msec. This confirms work previously reported on the para- 
magnetic effect of methemoglobin reducing T1 [3]. 

The range of T1 in sedimented red cells or clot over 48 hr 
old (190-300 msec) is shown in Figure 2. These findings are 
compatible with the reduction of T1 of red blood cells due to 
the conversion of hemoglobin to methemoglobin. 


Effects of Cold 


The effects of cold on T1 are shown in Figures 3 and 4. 
Figure 5 is a spin-echo image with a TE of 224 msec and a 
TR of 2000 msec. On this strongly T2-weighted image al! the 
images of blood products stored at 4°C are of greater signal 
intensity than the same blood product stored at 37°C. 


T2 Relaxation of Fluids 


Although T2 was not directly measured, strongly T2- 
weighted images result in strong signals from plasma above 
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settled red cells, serum adjacent to clot (Fig. 6; TE 256, TR 
2000), and plasma alone. This suggests that these fluids all 
have a long T2. The red cells appear black on all the images. 


Effect of Changing TI and TR on Signal Intensity of Inversion 
Recovery Images 


On almost every occasion, the intensity of plasma was 
Significantly greater on inversion-recovery images with a TI 
700, TR 2200 msec than on inversion-recovery images with 
TI 350, TR 1200 (Figs. 7A and 7B). 


Discussion 


Recent reports describe the MR appearance of hemorrhage 
and suggest that imaging of hemorrhage is relatively straight- 
forward [4]. However, imaging blood and clot with MR is 
complex. We will review some of the conflicting descriptions 
of blood and blood clot in the literature, attempt to explain 
the differences, and then discuss how the results of our in 
vitro study might help in the interpretation of in vivo images 
of hemorrhage. 

Acute hematomas are reported to be isointense with brain 
[3, 5, 6]. They are also reported to be of lower intensity than 
brain on inversion recovery [7] and on T1-weighted images 
[8, 9] or of higher intensity than brain on T1-weighted images 
[10]. The hematoma may be nonhomogenous [6]. Extracran- 
ial hemorrhages may be of Strong intensity on spin-echo and 
inversion-recovery images [11] or lower intensity on T1- 
weighted images [12, 13], or give almost no signal on inver- 
sion-recovery images [13]. 





Fig. 6.—Appearance of plasma and serum on strongly T2-weighted images 
(TE 256, TR 2000). Clotted blood (C): serum appears white and clot black. 
Plasma alone (P). Heparinized blood (H): plasma appears white and settled red 
blood cells black. The fluids (plasma and serum) have Strong intensity signals 
on this T2-weighted image, Suggesting that they have long T2 relaxation times. 
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Chronic hematomas are reported to have greater intensity 
than brain on inversion-recovery images [8]. unspecified pulse 
sequences [5], all pulse sequences [6], and on T1-weighted 
images [7, 9]. Chronic hematomas are of lower intensity than 
muscle on T1-weighted images [12] or hicher intensity than 
muscle on T1-weighted images [14]. Other extracranial hem- 
orrhages are of high intensity on T1-weighted images [15]. 
There are several reasons for these inconsistencies. In some 
cases there is difficulty in knowing the precise age of the clot, 
and various authors use different definitions of acute and 
chronic. In very few cases is pathologic correlation available: 
without pathologic correlation, there is no proof of the cause 
of any particular part of the image. 

The appearance of hemorrhage and clot on the MR image 
depends on the chemical and physical changes occurring in 
the hemorrhage and adjacent tissues [3, 8, 12, 16], hemoglo- 
bin concentration [16], pH and osmolality [14], magnetic field 
strength [6, 10, 17], temperature [8], and imaging pulse 
sequence chosen. 

After hemorrhage, physical and chemical changes occur [3, 
8, 12, 16]. As an example of the physical changes, the blood 
may clot rapidly, slowly, or not at all. In nonclotted regions 
the plasma and red cells separate at different speeds and in 
varying amounts. Clot retraction and serum production occur 
at different speeds and in varying amounts. The amount and 
rate of clot liquefaction vary. Red cells hemolyse at varying 
rates, and the serum and plasma, therefore, may or may not 
contain hemoglobin. All these changes depend on the size 
and location of the hemorrhage and the physical and chemical 
interactions with adjacent tissues. The hemorrhage may be 
clearly separate from or infiltrate adjacent normal or diseased 
tissues. Edema may develop in the adjacent tissues, and this 
too alters the MR image. Chemical changes also occur. The 
conversion of hemoglobin to deoxyhemoglobin is not believed 
to alter the MR image significantly [3]. Although deoxyhe- 
moglobin is paramagnetic, it is not “accessible” and has little 
effect on T1 and T2 values [3]. The decrease in T1 up to day 
7 in the red blood cells and clot is presumed to be due to the 
formation of methemoglobin from hemoglobin. Methemoglo- 
bin is a paramagnetic substance that greatly lowers T1. The 
changes in the T1 of the specimens containing hemoglobin in 
our study were similar to those seen in a Sample of prepared 
methemoglobin, supporting the hypothesis that the major 
change in T1 is due to the methemoglobin synthesis. The 
decrease in T1 in the first 48 hr was greater in settled red 
cells in anticoagulated blood than it was in samples of clot or 
packed red blood cells. The reason for this is not known, but 
it does reemphasize the fact that the chemical changes oc- 
curring within blood products are not constant. It is not Known 
why the T1 increased on day 16 (Fig. 2), but presumably the 


Fig. 7.—Inversion recovery images. Effect of 
changes in pulse sequence on image intensity. A, 
TE 350, TR 1200. Plasma (P) is of lower intensity 
than packed red blood cells (R). B, TE 700, TR 
2200. There has been a moderate increase in signal 
intensity from the plasma, which is now greater 
than that from the red cells. 
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change reflects ongoing chenges in the chemical and physical 
properties of the red blood cells. The cold red blood cells 
initially had a lower T1 than the warm red cells, a direct effect 
of the cold (Figs. 3 and 4). After 48 hr the warm red cells had 
a lower T1 possibly due to greater formation of methemoglo- 
bin in the warm cells, beceuse cold inhibits methemoglobin 
synthesis. After 2 days the effect of the presence of methe- 
moglobin was greater than the effect of the cold. 

The results of our study indicate that the white blood cells 
and platelets have little effect on the MR image of blood or 
blood clot, presumably becéuse of their relatively low concen- 
trations. Pure white cell solutions in spectroscopic studies 
have been shown to have g T1 of about 75% that of plasma 
[17], but such concentrations would not occur in vivo in a 
volume large enough to be imaged. 

Under the experimental conditions of this study, serum and 
plasma appeared fairly simiar on the MR images. Changes in 
the T1 of some of the samples of plasma and serum may be 
caused by hemolysis in adjecent red cells with introduction of 
hemoglobin into the fluid Fig. 1). The contamination was 
greater in warm than in cold samples (Figs. 3 and 4). In vivo, 
the appearance of a region of serum or plasma in a clot varies, 
depending on whether or not hemoglobin is present within 
the fluid. 

We do not have an explanation for the fact that changes in 
signal intensity of plasma occurred on inversion-recovery 
images when the TI and TR were altered (Fig. 3). This is not 
believed to be due to additional recovery occurring during the 
longer TR pulse sequence, 2ecause a similar enhancement in 
intensity was not seen in s2rum, clot, or red blood cells. On 
the TI 350, TR 1200 image, the plasma was of lower intensity 
than red cells. On the TI 790, TR 2200 images, the plasma 
appeared to have greater ir tensity than red cells. This obser- 
vation further emphasizes the complexities of interpreting MR 
images of blood or blood products. 

Blood clots are complex and unpredictable. It is therefore 
not surprising that there is no consistency in the reported 
appearance of in vivo MR images of hemorrhage [6, 8-13, 
16]. It appears likely that accurate characterization of hem- 
orrhage and prediction of tie age of clots based on the MR 
image will not be possible. Hematomas are complex and have 
no single MR appearance tnat allows their easy identification 
or the determination of thei- age in patients. 
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Acute Thrombocytopenia Induced by Parenteral 


Radiographic Contrast Medium 


Jill Lacy," Kathleen E. Bober-Sorcinelli,? Leonard R. Farber? and Morton G. Glickman’ 


A variety of adverse reactions have been documented after 
the IV injection of contrast media, ranging from minor to life- 
threatening anaphylactoid reactions. Acute thrombocyto- 
penia, however, is not listed among the complications of IV 
contrast media. We report a case of severe thrombocytopenia 
after angiography that recurred when the patient was rechal- 
lenged. 


Case Report 


A 79-year-old diabetic man with aortic stenosis was admitted for 
Cardiac catheterization. He had no allergies and no history of previous 
radiographic contrast studies. The medications he was taking were 
digoxin, Aldactazide (spironolactone with hydrochlorothiazide), quin- 
idine, and insulin. Laboratory data included a platelet count of 
336,000/mm%, prothrombin time (PT) 11 sec, partial thromboplastin 
time (PTT) 25.5 sec, blood urea nitrogen 124 mg/dL, and creatinine 
4 mg/dL. A retrograde pyelogram performed on day 4 revealed right 
hydronephrosis due to an obstructing calculus. The retrograde injec- 
tion produced backflow of contrast medium into the renal sinus. A 
nephrostomy was placed, and the patient's renal function improved. 

On day 12 the patient underwent cardiac catheterization. The 
platelet count on the day before was 220,000/mm?, and PT and PTT 
were normal. At catheterization 190 ml of Renografin-76 (Squibb, 
Princeton, NJ) were injected. Heparin was flushed through the cath- 
eter during the procedure. Immediately after the procedure the patient 
experienced chills, fever to 39°C, and hypotension. He received 
Benadryl (diphenhydramine hydrochloride) and dopamine, and over 
the next 8 hr he developed respiratory failure, oliguria, and a bleeding 
diathesis. Blood studies revealed a platelet count of 30,000/mm°, PT 
11.9 sec, PTT 25 sec, fibrinogen 427 mg/dL, thrombin time 13 sec 
(control 16 sec), and fibrin split products 10-40 ug/ml. The peripheral 
blood smear showed no evidence of microangiopathic hemolysis. 
Quinidine was discontinued, and antibiotics were begun. Over the 
next week the patient required an intraaortic ballon pump with hep- 
arinization and peritoneal dialysis (Fig. 1). The platelet count dropped 
to 2000/mm* on day 13 and remained <30,000/mm for 8 days (Fig. 
1). A bone marrow aspiration on day 15 showed abundant megakar- 
yocytes of normal morphology. Factor V and VIII levels on day 16 
were 46% and 120%, respectively. Disseminated intravascular co- 


agulation seemed unlikely, and the cause of the thrombocytopenia 
remained unknown. Blood cultures remained negative, and antibiotics 
were discontinued. 

On day 37 the patient developed pain and sweliing of the right calf. 
The platelet count was 280,000/mm*. On day 38 a right leg venogram 
was performed using Renografin-60. Four hr after the procedure the 
patient experienced chills and fever to 39°C. The platelet count at 
the time was 35,000/mm®, and the peripheral smear showed no 
microangiopathic hemolysis. The PT, PTT. and fibrinogen were nor- 
mal. After these studies, the patient was givem heparin for deep 
venous thrombosis. Blood cultures were obtained and remained 
negative. The platelet count fell to 5000/mm° on day 39 and rose 
progressively thereafter (Fig. 1). Corticosteroids were administered 
for 3 days (Fig. 1). The patient was discharged from the hospital on 
day 48 with a normal platelet count, and follow-up for 6 months has 
revealed no further episodes of thrombocytopenia. 


Discussion 


This patient developed two episodes of chills, fever, and 
acute thrombocytopenia within 8 hr of parenteral injections of 
radiographic contrast medium. The causative role of the con- 
trast medium was confirmed by the recurrence of the reaction 
when the patient was rechallenged. Furthermore, no other 
drugs or chemical agents (€.g., heparin or quinidine) could be 
implicated in both the first and second episodes of thrombo- 
cytopenia. 

Although the precise mechanism of thrombocytopenia in 
this patient is uncertain, the rapidity of onset and the presence 
of abundant megakaryocytes in the marrow indicate either 
peripheral platelet consumption or destruction. Platelet con- 
sumption due to disseminated intravascular coagulation (DIC) 
has been described after injection of contrast medium [1-3]. 
DIC may result from a direct chemical effect, an anaphylactoid 
reaction with secondary DIC, or endotoxin contamination that 
causes a Schwartzmann-like reaction [1-3]. In this patient 
laboratory confirmation of classic DIC was lacking during both 
episodes of thrombocytopenia. However, the patient’s clinical 
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Fig. 1.—Platelet count througout the patient’s hospital course. IABP = 
intraaortic balloon pump. 


course after the first angiographic procedure suggested an 
anaphylactoid reaction with multisystem failure, and in fact 
modest elevation of fibrin split products was noted. Platelet 
consumption in the absence of the full spectrum of DIC is one 
possible mechanism by which contrast medium-induced 
thrombocytopenia may have occurred in this patient. 

A second mechanism of thrombocytopenia that must be 
considered in this case is immune-mediated platelet destruc- 
tion. This has been descrided in association with numerous 
drugs and chemical agents and may result from an “innocent 
bystander” antibody-drug reaction (e.g., quinidine) or an anti- 
body directed against a platelet membrane-drug complex 
(e.g., trimethoprim) [4]. This patient could have been sensi- 
tized to iodized organic acids during the retrograde pyelogram 
or the percutaneous neprrostomy. Although antibody-me- 
diated mechanisms of contrast medium-—induced reactions 
have never been documen-ed conclusively, it has been shown 
that contrast medium can act as a hapten and induce antibody 
formation in animals [5]. =urthermore, immunologic studies 
performed on a series of patients who had received IV con- 
trast medium demonstrated that there were significantly 
higher titers of anti-contrast medium antibodies in those who 
had experienced severe adverse reactions [5]. 

In vitro studies of the effects of iodinated contrast media 
on platelets have yielded conflicting results. Schulze et al. 
have shown that fibrinogen consumption and platelet aggre- 
gation with resultant thrombocytopenia can be induced in 
whole blood that is preincubated with high concentrations of 
iodinated contrast media and then exposed to platelet-rich 
plasma [6]. They postulated that these in vitro events Oc- 
curred as a consequence of complement activation via the 
alternate pathway. Other investigators, however, have shown 
that iodinated contrast acents directly inhibit platelet aggre- 
gation in vitro in concentrations that are used Clinically [7, 8]. 

One other case of severe transient thrombocytopenia after 
angiography has been reported in the literature [9]. That 
patient developed chills, cruritis, and profound thrombocyto- 
penia in the absence of DIC within 5 min of a left ventricular 
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angiogram with Hypaque-M 75% (diatrizoate meglumine and 
diatrizoate sodium). Three other case reports describe acute 
thrombocytopenia after the routine oral ingestion of iopanoic 
acid tablets (Telepaque) for oral cholecystography [10-12]. 
In each of these cases, severe thrombocytopenia without 
evidence of DIC occurred within 2 days of ingestion of the 
contrast medium, and platelet counts returned to mormal 
within 2 weeks. One of these patients experienced chills and 
fever [10]. One patient was rechallenged with iopanoic acid 
twice and again developed thrombocytopenia each time. This 
patient's serum and platelet-rich plasma caused lysis in the 
presence of iopanoic acid in vitro, which suggested an anti- 
body-mediated mechanism [12]. Corticosteroids were admin- 
istered to our patient after the second episode of thrombo- 
cytopenia and to three of the four previously described 
patients [9, 11, 12]. However, the role of steroids in the 
treatment or prophylaxis of contrast medium—induced throm- 
bocytopenia is unknown. 

This case and those previously reported illustrate that life- 
threatening thrombocytopenia can occur after the use of 
parenteral and oral contrast media in the absence of anaphy- 
laxis or DIC. The only associated clinical manifestations may 
be chills and fever. The thrombocytopenia has been transient 
in all cases reported and in our case. Physicians should be 
alerted to this rare but potentially life-threatening complication 
of radiographic contrast media. 
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Incompatibility of Hexabrix and Papaverine 


Thomas J. Pilla,’ Shirley E. Beshany, and John B. Shields 


Recently, new low-osmolality contrast agents have become 
available for use in angiography. Several studies have shown 
decreased cardiac effects, renal toxicity, pain, and possible 
allergic reactions with the use of these agents [1-4]. How- 
ever, no information is available concerning the compatibility 
of these new drugs with the various pharmacologic agents 
used in visceral angiography. We recently observed that 
loxaglate meglumine (Hexabrix) and Papaverine Hydrochlo- 
ride (HCL) precipitated upon contact. This led to further 
investigation of the compatibility of these two agents. 


Materials and Methods 


Undiluted Papaverine HCL (Lilly, Indianapolis, IN), Conray 60% 
(iothalamate meglumine USP 60%. Mallinckrodt, St. Louis, MO), 
Renografin-76 (diatriazoate meglumine, Squibb, New Brunswick, NJ), 
Amipaque (metrizamide 48.25% iodine, Winthrop, New York, NY) 
and Hexabrix (ioxaglate meglumine 39.3% and ioxaglate sodium 
19.6%, Mallinckrodt) were used. The Hexabrix that was used had 
expiration dates of 9/87 and 2/86 and was from Lots X149E and 
V023C, respectively. Undiluted Papaverine HCL was mixed with 3 ml 
of each of the above-named contrast agents and the solution was 
observed for precipitation. In addition, Papaverine HCL was diluted 
in various amounts of normal saline and mixed with Hexabrix. This 
was also evaluated for precipitation (Table 1). Each experiment was 
performed three to five times. 


TABLE 1: In Vitro Evaluation of Papaverine Hydrochloride and 
Hexabrix 


Sample 








Papaverine Saline Hexabrix Precipitate 
(ml) (ml) (mil) 
1 0 S Yes 
1 1 5 Yes 
1 a8 5 Yes 
1 5 5 Yes 
1 10 5 Suspension that clears 
1 15 5 Suspension that clears 
1 20 5 No 
1 10 15 No 
1 10 30 No 
2 10 5 Yes 
2 15 5 Yes 
2 20 5 Suspension that precipitates 


Results 


A mixture of Conray 60% with 1 ml of Papaverine HCL 
failed to produce any kind of precipitation. Renografin-76 with 
1 ml of Papaverine caused a “white Suspension” that disap- 
peared after 1-2 min. There was no precipitation. Amipaque 
(220 mgl/cc) and 1 ml of Papaverine resulted in no precipita- 
tion. One ml of Papaverine mixed with Hexabrix demonstrated 
precipitation of a white amorphous materia! which, left undis- 
turbed, persisted for 24 hr. When the precipitate was shaken 
vigorously, it dissolved completely within 20-30 min. The 
results of mixing Papaverine in various dilutions with Hexabrix 
are shown in Table 1. 


Discussion 


Pharmacologic agents are widely used in both peripheral 
and visceral angiography. Papaverine is used to assess the 
significance of a stenosis in the vascular bed, improve visual- 
ization of the arterial system and portal venous system, and 
decrease arterial spasm [5-7]. The dose of Papaverine ad- 
ministered varies from 30-60 mg (1-2 ml of undiluted Papav- 
erine). The method of administration varies from direct infu- 
sion to the use of saline dilutions in various concentrations 
[6, 7]. Reported side effects include a temporary drop in blood 
pressure and, if a complete heart block is present, ventricular 
arrhythmias [6, 8]. Little information is available on the bio- 
compatibility of Papaverine with contrast agents, including 
the new low-osmolality agents. Our study suggests that 
Papaverine should be used with extreme caution during an- 
giography when Hexabrix is the contrast agent used. Undi- 
luted Papaverine, when mixed with Hexabsix, was found to 
precipitate immediately. When the Papaverine was diluted, 
the chance of precipitation decreased. When 30 mg (1 ml) of 
Papaverine was diluted in 20 ml of normal Saline, no precipi- 
tate was observed. However, 60 mg (2 ml) of Papaverine 
diluted in 20 ml of normal saline resulted in precipitation. 
When Papaverine was tested with Renogratin, Conray, Ami- 
paque, and Metrizamide, no precipitate was observed. The 
exact chemical reason for precipitation of Hexabrix with Pa- 
Paverine is not clear. Whether it is due to a pH difference or 
a precipitation of salts is speculation. The precipitate is dense 
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and can last for 24 hr. Thus, meticulous angiographic tech- 
nique should be used when Papaverine and Hexabrix are 
used during the same angiographic study. Hexabrix and 
Papaverine should never be mixed together. Thorough flush- 
ing of the catheter with normal saline before the injection of 
Papaverine is necessary when Hexabrix is being used as the 
contrast agent. In addition, 25 ml of normal saline should be 
used to dilute each milliliter of Papaverine before injection. 
The chemical compatibility of Hexabrix with other pharmaco- 
logic agents used in angiography remains to be studied. Until 
these investigations are complete, similar caution should be 
exercised when any pharmacologic drug is used with new 
low-osmolality agents. 
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Personal Computers: Their Use in a Low-Volume Imaging 


Department 


Robert E. Henry’ 


Commercially available radiology management systems 
provide efficient handling of many departmental functions 
such as patient registration, scheduling and tracking, film 
library management, statistical reports, teaching files, and 
financial management [1-3]. These systems are expensive, 
usually require mainframe computers, and are designed to 
handle high-volume operations [4]. Personal computers (PC) 
and off-the-shelf software have the potential to handle man- 
agement functions for low-volume operations, such as those 
found in nuclear medicine, sonography, or private radiology 
offices, for far less money than would be required for a custom 
or commercially available radiology management system. This 
paper describes our successful experience in setting up a 
system by using personal computers for a nuclear medicine 
laboratory. 


Equipment 


We purchased two Apple lle systems, each with 128K RAM. 80- 
column capacity, double floppy disk drives, and green phosphor 
monitors (Apple Computer, Inc., Cupertino, CA). One computer inter- 
faced with a 5-mbyte hard disk and a dot matrix printer (Okidata, 
Mount Laurel, NJ) is used for patient registration. The other computer 
was interfaced to a letter-quality printer for use primarily as a word 
processor (NEC Information Systems, Lexington, MA). Both com- 
puters are used for other applications as well. Either unit can handle 
all laboratory applications in case of equipment failure. The total 
discounted price for both systems was less than $6500. After 1 year 
of operation, their memories were expanded to 320K at a cost of 
$299 for each computer (Applied Engineering, Carrollton, TX). 


Software 


Like PC equipment, PC software is inexpensive by com- 
mercial standards: our investment for word processing, da- 
tabase, and spreadsheet applications totaled less than $400. 
We evaluated two application programs of each type in ad- 
dition to Appleworks, an integrated software package that 
included all three applications in one program. 

We selected Applewriter lle for routine use for several 
reasons. It is flexible and allows for easy text editing. It 
features a glossary function that enables us to call up words, 
phrases, or paragraphs with a single keystroke, which sim- 
plifies the task of entering repetitive expressions. Its word 
processing language, WPL, provides sophisticated processes 
such as batch processing of reports and merging of address 
lists with personalized form letters. In conjunction with the 
glossary feature, WPL makes semiautomatic report genera- 
tion possible. 

A database program is an electronic filing system with rapid 
retrieval or sorting of records. Most programs make simple 
calculations and tabulations and print data in table or mailing 
address format. We selected the database portion of Apple- 
works because it is easy to learn and operate and has many 
features that make it an efficient office management tool for 
Our specific applications. Appleworks, like most other PC 
programs, is supplied on a floppy disk. Because it is not copy- 
protected, however, the program itself, as well as its files, 
can be stored on hard disk for even faster access and data 
manipulation. 
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Spreadsheet programs are the most widely used microcom- 
puter application in business settings and also have a potential 
for use in laboratory management. A spreadsheet is a grid or 
matrix of numbers and equations that are mathematically 
interrelated. A change in one variable or formula necessitates 
calculation of new values for all other variables affected. 
Spreadsheets accommodate complex equations and are 
good for making budget projections and other forms of com- 
plicated number crunching. We evaluated three spreadsheet 
programs and found them to be similar. The Appleworks 
spreadsheet was chosen because the commands and general 
operations are the same as those used in the Appleworks 
database. 


Patient Scheduling and Registration System 


Before our department was computerized, the greatest 
problem we had was our manual system for patient registra- 
tion, scheduling, and procedure tracking. Incoming requests 
were logged in manually by tre clerk, reviewed by the resident 
physician for specific orders, and given to the chief technician 
for scheduling. Unfortunately, requisitions frequently entered 
the system at a level beyond the log-in process so that queries 
regarding procedure scheduling consumed enormous 
amounts of employee time. Because requisitions were easily 
misplaced, there were delays in processing, and duplicate 
requisitions occasionally resulted in patients being scheduled 
twice for the same procedure. Queries regarding test results 
required us to look up the results in a separate log book. 
Management audit of dead time between processing steps 
or early detection of scheduling irregularities was virtually 
impossible. 

Our need was storage of 15 demographic, scheduling, and 
result items in memory for each patient/procedure for up to 
1 year in advance and for at least 1 month after the date of 
the test. With a caseload of 5000 patients a year, we esti- 
mated that up to 600 patient -ecords would be in memory at 
a time. The system had to find individual patient records 
within a few seconds and had to be easy to learn and use 
because all departmental staff would be using it intermittently. 

The Appleworks database provided a simple but efficient 
solution for our patient and procedure tracking needs. The 
first step in setting up the database was to specify the data 
items or fields that would be recorded. Then the fields were 
arranged into the two layouts that would appear on the 
screen: the single-record data entry form (Fig. 1) and the 
multiple-record display that shows selected data items (Fig. 
2). Next, the printout formats for various report printouts were 
designed. Finally, the system was activated by generating 
records for patients previously scheduled and for 2 months 
of vacant appointments for routine procedures. 

When a patient is scheduled for a routine procedure, the 
schedule of appointments for tne desired day is displayed on 
the screen (Fig. 2). The record for the desired appointment 
type and time is selected and cemographic items are entered 
onto the data entry form. Patients having special procedures 
are entered into a record without time or date, and subse- 
quently a printout list of unscheduled patients is used as a 
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File: PATIENT.FILE.1 REVIEW/ADD/CHANGE Escape: Main Menu 


Selection: All records 


Record 343 of 485 
NAME: JONES, TOM 
SERVICE: ] 


SS#: 1234 


REQ RCVD (date): Dec 3 85 


PROCEDURE: BONE SCAN 
PREP: NONE 
SCHEDULE (date): Dec 4 865 


DOSE TIME: 8:38 AM SCAN TIME: 11:38 AM 


COMPLETE (date): Dec 4 85 

REPORTED (date): Dec 5 85 

INTERPRETATION: NO EVIDENCE FOR METASTASES; NO CHANGE SINCE PRIOR STUDY. 

CODE: 3.2 Tally: 1 


Fig. 1.—Single-record CRT display of a patient record after procedure has 
been completed and reported. Related items (fields) are grouped to facilitate 
data entry. “INTERPRETATION” field can contain up to 140 characters on two 
lines. 


Pile: PATIENT.FILE.1 FIND RECORDS Escape: Review/Add/Change 
Find all records that contain DEC 4 85 


Press @-F to change Find. 


Sssé NAME PROCEDURE REQ RCVD SCHEDULE DOSE TIM COMPLET 
4172 HEPAR, FRED LIVER/SPLEEN SCA Nov 31 85 Dec 4 85 8:00 AM - 
= = LIVER/SPLEEN SCA -85 Dec 4 85 9:820 AM 
1234 JONES, TOM BONE SCAN Dec 3 85 Dec 4 85 8:30 AM - 
- = BONE SCAN -85 Dec 4 85 9:30 AM - 
5678 BROWN, RICHARD BONE SCAN Nov 15 85 Dec 4 85 10:30 AM - 
2435 HARRIS, FRANK EF/WALL MOTION Dec 2: 65 Dec 4 85 8:00 AM - 
6890 HART, MARY EF/WALL MOTION Dec 3 85 Dec 4 85 9:30 AM - 
- - EF/WALL MOTION -85 Dec 4 85 1:08 PM - 
= - OPEN -85 Dec 4 85 1:08 PM - 
- - OPEN -85 Dec 4 85 2:00 PM - 
OPEN -85 Dec 4 85 2:00 PM - 
- = OPEN -85 Dec 4 35 3:00 PM - 
OPEN -85 Dec 4 35 :00 PM - 


Type entry or use & commands @-? for Help 


Fig. 2.—Multiple-record CRT display of scheduled anc available appoint- 
ments for a specific date. To examine a record or schedule a patient, the 
operator places cursor on that line and a function key is pressed. The appoint- 
ment/patient single-record format is displayed (Fig. 1) and cata can be entered 
or updated. 


form to finalize scheduling. Each patient record is updated at 
intervals as the patient progresses through the system. The 
patient file is kept in active memory throughout the day and 
the data on the display has the answers to the most frequently 
asked questions (Fig. 3). Additional information on any patient 
can be accessed with a single keystroke. Eacn afternoon, a 
printout is generated that serves as the daily schedule for 
distribution to patient care areas. 

Other management tools generated daily include a list of 
completed procedures for use by the transcriotionist and a 
list of procedures that have been initiated but have not been 
completed or reported. Workload statistics are tabulated on 
a monthly basis by sorting on codes specific to each proce- 
dure. Data can be saved in monthly files for subsequent 
merging for the production of quarterly or anrual statistics. 
On a monthly basis, we also review other management indices 
such as turnaround time from requisition rece pt to date of 
performance or time from test completion to test reporting. 
This information provides valuable information about depart- 
mental efficiency and also met the criteria for “cngoing moni- 
tors” when presented to the Joint Commission of Accredita- 
tion of Hospitals in a recent inspection. 
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File: PATIENT.FILE.1 FIND RECORDS Escape: Review/Add/Change 
Find all records that contain JONES 


Press @-F to change Find. 


SS#* NAME PROCEDURE REQ RCVD SCHEDULE DOSE TIM COMPLET 
2883 JONES, JOHN EF/WALL MOTION Sep 38 85 Oct 2 85 9:38 AM Oct 2 
8791 JONES, ROBERT RENAL SCAN Oct 2 85 Oct 3 85 2:00 PM Oct 3 
8624 JONES, WILLIAM CISTERNOGRAM Oct 24 85 Nov 1 85 8:00 AM Nov 3 
2282 JONES, OSCAR GASTRIC EMPTYING Nov 1 85 Nov 3 85 8:08 AM Nov 4 


9788 JONES, HARRY 
1234 JONES, TOM 


TL-281 STRESS/RE Nov 26 85 - ~ 
BONE SCAN Dec 3 85 Dec 4 85 8:38 AM - 


Type entry or use @ commands 


@-? for Help 


Fig. 3.—Records of specific patients are located rapidly by searching for 
any data item in a field (e.g., last name = Jones). This screen display format 
has answers to the most frequently asked questions. Additional information is 
available by switching to single-record display shown in Fig. 1. 


The hard disk, 320K of RAM memory, and the Appleworks 
program satisfied our needs for volume and speed in access- 
ing patient data. Locating one or more records in the file of 
450 patients by last name, identification number, or any other 
single criterion takes 4 sec. The 320K memory can hold up 
to 1700 patient records of the size we require, but with a file 
this large, search and sort operations take 25 sec. Multiple 
Appleworks files (database, spreadsheet, or word processing) 
can reside in RAM memory simultaneously, allowing us to 
access the patient file within 2 sec. If a different program is 
in use, its file can be stored and Appleworks and the patient 
file can be loaded from hard disk within 40 sec. 

Scheduling and tracking patients with the database were 
easily learned by the clerks and technologists, and we were 
able to switch from our manual method to the new system 
over a 3-week period. A clerk, new to our department and 
work patterns, learned the system sufficiently well to be able 
to schedule patients and print the schedule within 1 week. 
Learning and operation were facilitated by two user-oriented 
features of Appleworks: an interactive tutorial program that 
uses the computer to teach the new operator (our employees 
preferred this method to reading a manual), and a function 
key that allows the user to get instructions on the screen 
without leaving the program. We also found Appleworks to 
be very “forgiving” about changes in field names and layout 
of display screens and printouts that were inevitable as we 
gained experience with the system. 

Implementation of the computer-based system had signifi- 
cant impact on the efficiency of the department. Now that all 
patient and scheduling data are in one place and are updated 
frequently, clerks can answer most questions in seconds 
without interrupting physicians or technologists. Schedules 
and reports can be prepared by any staff member without 
typing skills. Problems with duplicate or lost requisitions have 
been eliminated. We also eliminated several logbooks as well 
as the need for a separate system for recording workload 
Statistics, because selected items in the patient file are used 
to create an additional database file for statistical and cost 
accounting purposes. 
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File: CP.64.FY86.1lnew REVIEW/ADD/CHANGE Escape: Main Menu 


Selection: All records 


Record 6 of 18 


ITEM: 1 cc SYRINGE SHIELDS CODE: 3 
VENDOR: XXXX PRODUCTS 
UNIT No UNIT.COST: 74.88 SHIPPING: 20.00 


SUBMIT (DATE): Sep 3] REQ'ED (DATE): Oct 1 


APPROP #: A60514 APPROP DATE: Oct 22 A@T.COST: 168.68 


RECEIVED (DATE): 
COMMENT: DELIVERY MAY BE DELAYED DUE TO BACK ORDER PER MARY AT XXXX. 


Type entry or use @ commands 


@€-? for Help 


Fig. 4.—Single-record data entry form for budget control. “Code” refers to 
purchase type, 3 = medical supply. In this incomplete record, amount entered 
for cost is an estimate. Later, record will be located by-searching for appropri- 
ation number and updated with actual cost. Fields for “RECEIVED (DATE)” and 
“COMMENTS” are useful for purchase order tracking. 


Other Applications 


The database program replaced our manual accounting 
system of budget control and purchase erder tracking. We 
maintain a running balance based on estimated cost and 
adjust later for the actual cost. This process requires several 
intermediate steps over time as information is received from 
our supply and fiscal departments, and a manual system is 
confusing and error prone. The database program provided 
easy data entry and update, rapid retrieval and sorting of 
items by name, appropriation number or supplier, and auto- 
matic balance calculation (Figs. 4 and 5). Balance sheets are 
printed each time the file is updated and errors, discrepancies, 
or omissions are immediately obvious. Purchases are easily 
sorted and subtotaled by product category code, which 
greatly facilitates data gathering for hospital cost-analysis 
reports. 

The simple formatting and data entry features of the data- 
base allowed for preparation of tabular material such as work 
and on-call schedules more quickly than a word processor. 
These features were used to generate a new procedure 
manual. Each procedure was assigned a record and the chief 
technologist entered the technical parameters, patient prep- 
aration, and a five-line narrative into a form on the screen. 
Each record was printed out as a page for the manual. Setting 
up the form, entering data, and producimg a printout for 12 
procedures took approximately 1 hour, and no handwritten 
drafts or secretarial assistance were required. The entries are 
easily updated and the file can also be transferred to the word 
processor for further editing and inclusion of additional nar- 
rative material. 

The word processor produced significant improvement in 
secretarial efficiency and in the quality of our procedure 
interpretations. Previously, the secretary transcribed and 
typed reports in their final form, but now the physicians can 
review a double-spaced draft before the final report is pre- 
pared. Drafts significantly enhance our ability to teach resi- 
dents to prepare accurate and succinct reports. Automatic 
formatting and printing of standard items on each report 
increase transcribing efficiency. We ere currently testing 
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Pile: CP.64.FY86.1new Page 1 
Report: CP-64 REPORT 1 
EST .COST ACT.COST APPROP APPROP C 
ISOTOPE BLANKET ORDER Oct 1 l 3508.88 3500.88 Cé68B8@2 Oct 41 
SULFUR COLLOID KITS Sep 38 3 37.58 112.58 112.58 A608020 Oct 41 
IODINE-123 , 388 uCi Oct 1 3 24.00 72.00 72.00 A690082 Oct 71 
3684.50 


EKG ELECTRODES 18 BOXES Oct 22 18 21.08 218.88 193.28 A60516 

LATEX GLOVES 18 BOXES Oct 22 10 17.28 172.88 172.88 A680519 

l cc SYRINGE SHIELDS Sep 31 2 74.00 168.00 168.860 A6@514 Oct 22 
550.88 534.00 


www 


SLIDE TRAYS Nov 5 18 6.35 63.58 63.58 4 
TONER NP-27@ 1 CASE Sep 38 l 54.94 54.94 54.94 A603708 Oct 28 4 
118.44 118.44 


ADJUSTMENT l 94.88 94.88 94.00 PAGO97 Oct 22 8 
94.88 94.88 


-21400.00 Oct 1 9 
-21400.00 


QUARTERLY APPROPRIATION Oct 3 1 -41400.00 -21480.00 
-21400.80 


-16952.26* -16969.06°* 


Fig. 5.—Printout of an abbreviated cost report. Similar items have been 
grouped by sorting on the code nur ber (C). Program automatically calculates 
subtotals for each item group, adjusts against appropriation, and displays 
balance (+). Theoretically, costs should be entered as negative numbers and 
appropriation and balance shown as a positive number, but we have reversed 
this convention to facilitate data entry. 


semiautomatic report generation, which will reduce physician 
and secretarial time even further. 

The spreadsheet had more limited impact on laboratory 
management. Initially, it was used for budget control, but it 
was moderately difficult to learn and its complexity intimidated 
the secretary, who preferred to use the data base for this 
purpose. The physicians and physicist found the spreadsheet 
useful for solving problems that involved repetitive calcula- 
tions with a large number of variables. For example, the 
spreadsheet was used to advantage to calculate the cost of 
performance of each procedure. Physician, technologist, and 
secretarial time for each procedure and formulas including 
the salary costs per hour were entered in the spreadsheet 
cells. Other cells containec costs for radiopharmaceuticals, 
supplies, equipment amortization, radiation safety, and hos- 
pital overhead. A change in any variable, such as an increase 
in a technologist’s salary, tS automatically factored into the 
total price for each procedure affected. This spreadsheet can 
be also expanded to include cells for historical data, such as 
procedure volume, allowing projection of costs for budgeting 
purposes. 

Another use of the spreadsheet was to produce a radio- 
active decay chart for eigh- radiopharmaceuticals used on a 
daily basis in our department. The activity assayed at the time 
of preparation of each radiopharmaceutical is entered into the 
spreadsheet and the activity remaining at 20-min intervals for 
the rest of the day is princed as an aid in calculating dose 
volumes and as a check or the dose calibrator. 


Discussion 


Personal computers provide an inexpensive alternative to 
mainframe computer systems for departmental management. 
Before deciding to proceed with a microcomputer-based sys- 
tem. we considered several factors not applicable to main- 
frame systems. First, corsiderable research and planning 
were necessary to select hardware components and software 
that would function together as an efficient management 
system. Fundamental to the planning process was determi- 
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nation of the projected applications of the system in terms of 
the number and size of records and files required and ac- 
ceptable time limits for accessing data. With this information, 
we were better able to discuss equipment and software 
capabilities with PC salesmen who had much less understand- 
ing of imaging department needs than did vendors of radiology 
management systems. Second, since the system would as- 
sume an important role in office/laboratory management, 
service and provision for backup must be readily available in 
case of equipment failure. Repair of PC equipment will prob- 
ably require that it be transported to a service center with a 
longer out-of-service time than that required for a mainframe 
system. We purchased two complete systems, because this 
allowed us to perform two applications simultaneously and it 
also provided us with an emergency backup. Fortunately, we 
have had no downtime in over 18 months of operation and 
have found the microcomputers to be more dependable than 
our Clinical minicomputer systems. 

Business applications require computer equipment options 
that are not necessary for personal use. A large computer 
memory was necessary to handle the patient file in an efficient 
manner and also to allow for rapid access to other files. Our 
departmental needs required switching between software 
programs and data files frequently, and we found that con- 
stant handling of floppy disks, the primary program and data 
storage medium for microcomputers, became tedious and 
time consuming. We preferred a Winchester disk because it 
had much larger storage capacity than floppy disk drives and 
allowed multiple programs and data files to be stored together 
on hard disk for almost instantaneous switching between 
applications. The letter-quality printer was expensive and 
slow, but it produced text quality comparable to an electric 
typewriter for procedure reports and correspondence. The 
dot matrix printer was cheaper and printed much faster, and 
we preferred it for working with the database and spread- 
sheet. 

A large variety of commercial software for PCs can be 
easily tailored to the specific needs of the imaging department. 
in addition to the uses we describe, other database and 
spreadsheet applications include teaching and patient clinical 
files [5], patient billing, isotope and equipment inventory [6], 
personnel records, and dosimetry and radioimmunoassay 
calculations. 

Numerous commercial accounting and office management 
programs for accounts receivable and billing are available for 
PCs. Recently, customized nuclear medicine and radiology 
microcomputer programs have appeared on the market for 
such applications as scheduling, billing, and demographics 
(Radiology Billing and Administration Systems, Southwest 
Scientific Technology Corporation, Houston, TX), report gen- 
eration (Computer Medical Corporation, N.Y., N.Y.; and Ra- 
diology Reporting System, Southwest Scientific Technology 
Corporation), and radiopharmacy management (Hot Lab Man- 
ager, Nuclear Medicine Programs, inc., Salt Lake City, UT). 
Though more expensive and less flexible than general-use 
databases and spreadsheets, these specialized programs are 
both ready to use and far less expensive than mainframe 
programs. Some of these applications include IBM PC or 
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Apple lle computers as part of a reasonably priced package 
that could serve as the nucleus for a departmental manage- 


ment system. Regardless of computer brand or software 3. 


Supplier, however, the success of the system ultimately de- 
pends on its acceptance by the employees who will be 


responsible for its operation on a daily basis. 4. 
5 

REFERENCES 
1. Arenson RL, London JW. Comprehensive analysis of a radiology 6. 


Operations management computer system. Radiology 
1979;133:355-362 
2. Jost RG, Rodewald SS, Hill RL, Evens RG. A computer system 


AJR:146, June 1986 


to monitor radiology department activity: € management tool to 
improve patient care. Radiology 1982:145-347-350 

Jost RG, Trachtman J, Hill RL, Smith BA, Evens RG. A computer 
system for transcribing radiology reports. Radiology 
1980; 136:63-66 

Hunter TB. Systems for departmental management. AJR 
1984;143:407-409 


. Power HM, Esser JD, Savitch |, Levin J. A patient data storage 


and retrieval system. S Afr Med J 1984;65-1059-1060 

Hoory S, Levy LM, Moskowitz G, Bandyopadhyay D, Vaugeois 
JC. A computerized system for control and management of 
radionuclide inventory: application in nuclear medicine. Health 
Physics 1982:42:601-609 


1307 


Commentary 





Comparing Costs and Efficacy of MRI 


William G. Bradley, Jr." 


MRI has been hailed as the most exciting event in medical 
imaging “since the introduction of x-rays” [1], but a major 
disadvantage, high cost, is now coming into focus. Although 
there is little disagreement about the diagnostic value of MR, 
particularly in the central nervous system (CNS) (2, 3], the 
introduction of this expensive new technology has centered 
even more attention on the escalating cost of health care in 
the United States. To uncerstand this mixed perception of 
MR, one must evaluate its global “efficacy” in the context of 
preexisting CT and the increasing controls on cost. 

“Efficacy” can be defined as the “ability to achieve results’ 
[4]. Certainly, the ability of MR to achieve diagnostic results 
in the CNS has already been demonstrated. In the largest 
study yet published comparing CT and MR in the evaluation 
of 400 consecutive patierts with suspected disease in the 
brain and cervical cord, MR demonstrated abnormalities in 
30% of the positive cases in which CT had been entirely 
normal [2]. Although the diagnostic “efficacy” of this technique 
is now generally acceptec, how efficacious is MR from the 
viewpoint of the health-policy analyst? 

With the increasing awareness of limited resources, the 
value of the diagnosis per se as an appropriate result has 
been questioned. Health policymakers are asking how a 
diagnosis will affect the cost of a patient's treatment outcome 
or, more appropriately, the patient’s “quality of life.” Compar- 
isons of the costs involved in obtaining a diagnosis generally 
fall into the category of “cost-benefit analysis” [5]. The type 
of comparison that focuses on the “quality of life” is known 
as “cost-effectiveness analysis.” While cost-benefit analysis 
compares dollars, cost-2ffectiveness analysis compares 
“quality-adjusted life years” [5]. In such a comparison, MR 
could prove more efficacious by providing for earlier diagno- 
sis, which in turn could, for example, allow less radical sur- 





gery. Given the perception that MR is more sensitive than 
CT, the patient's “quality of life” might also improve when 
disease is excluded by MR. Such diagnostic results are 
difficult to quantify by traditional cost-benefit analysis. Cost- 
effectiveness analysis has been applied to the analysis of 
“mature” procedures such as coronary artery bypass grafts 
for which follow-up over several years is required to establish 
the true “effectiveness” of the procedure [6]. While cost- 
effectiveness analysis may be the most valid method of 
analyzing expenditures of health-care dollars, MR is not yet 
amenable to such analysis for several reasons. MR technol- 
ogy has not yet “matured” and the patients are generally 
healthier than those having coronary artery bypass grafts; 
thus the appropriate period of follow-up would be much 
longer. For the time being, then, the “result” in our analysis 
of efficacy must remain the diagnosis itself. 

The costs involved in achieving a diagnosis cannot be 
considered in isolation. The cost of MR should be compared 
to the cost of providing the same diagnosis without MR. While 
MR has certainly been shown to be cost effective in providing 
a diagnosis in particular disease states (e.g., multiple scle- 
rosis), the final diagnosis itself may not be the most appropri- 
ate point of comparison. Radiologists make their gatekeeping 
decisions not on the basis of the final diagnosis but on the 
basis of the indication for evaluation. Thus instead of com- 
paring relative costs on the basis of the discharge diagnoses, 
comparison should be based on the indications for the ex- 
amination [7]. A preliminary study of this type compared the 
technical charges for evaluating patients by MR with the 
charges that would have been incurred had patients with the 
same indications been evaluated by more traditional imaging 
techniques [7]. The study population consisted of 262 pa- 
tients referred to the Huntington Medical Research Institutes 
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during a 1-month period. When the actual MR technical 
charges were compared with an average of the technical 
charges for the “traditional” tests at three Southern California 
hospitals, a cost savings of 25% was shown for the patients 
having MR. The greatest savings were achieved where out- 
patient MR replaced inpatient myelography [7]. Although this 
particular comparison may be flawed by the limited number 
of patients and by the fact that local diagnostic practices vary, 
it does at least provide anecdotal evidence that MR is cost 
effective when considered on a case-by-case basis. 

While current reimbursement and overhead considerations 
tend to favor outpatient MR facilities [8], even freestanding 
MR centers are having financial difficulties. In an analysis of 
47 MR centers completed in March 1985, Evens et al. [9] 
found an average annual loss of $440,000 per site at facilities 
where operating costs averaged $840,000. The average site 
had been in operation for 1 year. Obviously, if this degree of 
financial loss continued, few centers could afford to continue 
to provide MR services [10]. 

To assess the financial viability of MR after the first-year 
“break-in period,” we analyzed our own economic data after 
27 months of operation, during which time 5000 patients 
were studied. This represented the largest number of exami- 
nations done on a single scanner up to that time. Our analysis 
used the same methods as Evens [11] and Evens et al. [9]. 
These data, while admittedly specific for one site, may be 
more representative of what can be expected after the first 
year of operation than those reported by Evens. 


Materials and Methods 


In May 1983, a Diasonics MT/S superconducting MR imager 
(Milpitas, CA) was installed at the Huntington Medical Research 
Institutes, which is 1 block away from the 600-bed Hunting- 
ton Memorial Hospital. The imager is owned by the Huntington Trust. 
While the Research Institute is responsible for the financial operation 
of the imager, clinical staffing (technologists and receptionists) is 
provided through Huntington Memorial Hospital. The radiologists 
interpreting the MR studies also staff the Hospital Radiology Depart- 
ment. All costs attributable to MR are managed by the Research 
Institute (which reimburses the Hospital for personnel costs). All 
revenues for MR are handled through a single billing service. 

Although the MR imager is in operation 6 days a week, it is used 
for both clinical studies (5 days/week) and nonrevenue-producing 
research studies (1 day/week). The scanner is generally in operation 
12-14 hr on weekdays and 8-10 hr on Saturdays. Sundays are 
reserved for additional research and preventive maintenance. Patient 
scheduling is usually based on 1-hr time periods, although individual 
examination times vary from 17 to 68 min. While this schedule 
certainly cannot be considered optimal in terms of maximizing 
throughput, it minimizes patient waiting and when necessary, allows 
adequate time for additional sequences. Clinical staffing is provided 
by four MR technologists and one receptionist. A radiologist is in the 
facility at all times to modify protocols and to manage inpatients from 
the Huntington and other Southern California hospitals. Although 
there are additional costs attributable to research operations (includ- 
ing the salaries of the MR Fellows, secretaries, and part-time tech- 
nologists), these are not included in this cost comparison. 

All expenses attributable to the MR cost center were analyzed for 
the fiscal year July 1, 1984, to June 30, 1985. Following the method 


BRADLEY 


AJR:146, June 1986 


of Evens et al., imager depreciation was calculated on a 5-year 
Straight-line basis, and building costs were depreciated over 18 years. 
The annual “cost of capital” was figured at 10%-of the combined cost 
of the imager and the facility. (This figure is a compromise between 
the interest payments that would be incurred were the money to be 
borrowed and the income that could have been generated had the 
money been invested.) Unlike Evens, we have net determined indirect 
costs as a percentage of fixed costs (less depreciation) but rather as 
specific costs (not covered in the other categories) that can be directly 
attributed to the MR cost center. 


Results 


Patient throughput for the first 27 months of operation is 
depicted in Figure 1. While the monthly everage varied be- 
tween 12 and 13 patients/day since the first year, peaks of 
19-20/day were not unusual. This average compares to the 
national average of 6-7 patients/day repored by Evens et al. 
[9]. 

A comparison of our procedure mix and operating costs 
with those of Evens is shown in Tables 1 and 2, respectively. 
Equipment depreciation at Huntington is somewhat higher 
than the national average due to the nondiscounted price 
($1,600,000 tax included) paid for the first Diasonics imager. 
Building depreciation is based on a cost of $360,000 (for the 
Clinical portion alone). The annual cost of personnel at 
Huntington ($180,000) is approximately “wice that of the 
average facility ($89,000). While this may partially reflect the 
higher salaries paid Southern California technologists, it also 
represents the difference between four technologists (to cover 
two shifts during the week and one shift on Saturday—a total 
of 80 hr) versus the average 2.3 technolagists to cover an 
average operation of 10 hr a day, 5 days/week [9]. The higher 
cost of equipment maintenance reflects ou” coverage 24 hr/ 
day, 7 days/week, which we consider absolutely necessary 
for an efficient clinical operation. The cost cf capital is some- 
what higher at Huntington, again reflecting the higher price 
paid for the scanner. The total annual technical operating 
costs attributable to the clinical operation at Huntington are 
thus $1,115,000 compared with $840,000 rsported by Evens 
et al. [9]. 

The charge for an MR examination at Huntington varies 
with the complexity of the case and is determined primarily 
by acquisition time. The average technical charge is $500/ 
patient, which is the same as the nationa average. In the 
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Fig. 1.—Monthly patient throughput (patients/scanning day). Bars indicate 
range. 
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TABLE 1: MRI Procedure Mix: Comparison of Huntington Site 
and Evens Study 








Location Huntington? (%) Evens Study” (%) 

Brain 69 66 
Chest 2 4 
Cardiac 2 3 
Abdomen 3 6 
Pelvis 4 6 
Extremities 1 4 
Spine 19 11 

Total 100 100 


® Based on 6500 patients imaged as of December 31, 1985. 
> Data from Evens et al. [9]. 


TABLE 2: MRI Annual Technical Operating Costs: Comparison 
of Huntington Site and Evens Study 














oe Type of Cost < f Huntington f Evens® 
Fixed 
Equipment depreciation $ 320,000 $272,000 
Building depreciation 20,000 21,000 
Personnel 180,000 89,000 
Equipment maintenance 150,000 98,000 
Cryogens 30,000 26,000 
Subtotal $ 700,000 $506,000 
Variable = 100,000 54,000 
Indirect 100,000 106,000 
Capital (10%) 215,000 175,000 
Total $1,115,000 $841,000 


a Data from Evens et al. [9]. 


Evens study [9], 84% of the patients studied were billed, the 
remainder being gratis or research studies. This is comparable 
to Huntington, where 88% of the patients were studied on a 
clinical basis and 12% were performed for research or “gratis.” 
Evens’ collections for clinical patients were 60% of billings; at 
Huntington they were 88%. For research cases at Huntington, 
the collection rate was 11%. Thus the average site in the 
Evens study was collecting for 50% of the work done, while 
collections at Huntington represented 79% of the work ac- 
tually performed. Of the cinical patients at Huntington, 14% 
had Medicare. Since Medicare was not reimbursing for MR 
at the time, the costs of tne study were either borne by the 
patients themselves or occasionally by private insurance car- 
riers. An 84% collection rate in this class of patient may reflect 
both the insurance status and the socioeconomic level of the 
patients referred to the Huntington facility. 

Table 3 compares the annual revenue statements of the 
average site at the Evens study and the Huntington site. In 
both cases, approximately 50% of the operating expense is 
due to depreciation and the cost of capital; thus in sites that 
use capital funds rather than external financing for equipment 
purchases, cash operating expenses constitute approxi- 
mately 50% of the total operating expense. Although the 
Huntington operating expenses are 33% higher than the 
national average, the revenue is 2.7 times the national average 
resulting in near breakeven operation. When expenses are 
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TABLE 3: MRI Revenue Statement: Comparison of Huntington 
Site and Evens Study 














Huntington Evens Study* 

Expenses 
Operating (cash) $ 560,000 $ 373,500 
Depreciation 340,000 293,000 
Capital (10%) 215,000 175,000 
Total $1,115,000 $ 841,500 
Income (actual) $1,030,000° $ 378,000 
Profit (loss) $ (85,000) $(463,500) 


a Data from Evens et al. [9]. 
> Annual income projected on basis of period from 1-1-85 to 6-30-85: $1,185,000. 


compared to revenue actually collected during the fiscal year, 
there is an annual loss of $85,000 (7.6% of the annual 
operating expense). If annual revenue is projected from the 
second 6-month period of the fiscal year, however, the an- 
nualized figure of $1,185,000 represents a simple “profit” of 
6.3% (although the internal rate of return is somewhat lower). 


Discussion 


At the time this comparison was performed (March—June 
1985), there were significant differences in the economic 
operation of the Huntington facility compared with the average 
site reported by Evens et al. [9]. These were based primarily 
on differences in duration of clinical operation (12 months vs 
27 months) and subsequent differences in throughput (1500 
patients/year compared with more than 3000 patients/year 
at Huntington). The higher cost at Huntington associated with 
depreciation and the cost of capital represent the higher 
(nondiscounted) price paid for an early unit. The higher cost 
of personnel at the Huntington site is due to the larger number 
of technologists required to accommodate 12-13 patients/ 
day compared to a 6-7 patients/day throughput in the Evens 
study. If increasing demand permits a site to add a second 
shift during the week and a shift on Saturday, the scanner 
could be in clinical operation 80 hr/week. If this operation is 
covered by two technologists each hour, 160 tech hr/week 
and a total of four technologists would be needed. Thus, as 
throughput increases it is expected that the number of tech- 
nologists required (and cost of personnel) will also increase 
at the sites reported in the Evens study. If the addition of one 
technologist could result in increased throughput of one pa- 
tient per day (at $500 per patient for 250 days per year), the 
net increase in revenue would be $125,000 [12]. Such a 
revenue increase should cover the salary of one technologist 
even in Southern California. 

Throughput is a function of both imager capacity and 
demand for service. The capacity of the imager is determined 
by the time required to complete a “patient interaction.” Such 
an interaction may include reviewing the study before the 
patient leaves the site or, in some Cases, providing a hard 
copy of the study for the patient. In general, we have found 
the greatest determinant of imager capacity to be the ability 
to perform noninterleaved, contiguous, multislice-multiecho 
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sequences. When contiguous slices are necessary (e.g., in 
the spine) and can only be obtained (without image degrada- 
tion) by interleaving, the acquisition time is doubled. When 
multiecho sequences are either not available or are of inferior 
image quality compared with Single-echo sequences, the 
acquisition time is similarly prolonged. Secondary determi- 
nants of imager capacity are rapid reconstruction time and 
user-friendly software, which are most important when the 
Studies are reviewed before patient departure. Although un- 
Scheduled system downtime was initially considered a poten- 
tial cause of decreased Capacity, this has turned out to be 
much less of a problem than expected. Our actual unsched- 
uled downtime for 1985 was 66 hr (5.5 hr/month or 1.3 hr/ 
week). 

Given sufficient imager Capacity, throughput is determined 
by local demand. Local demand is the product of primary 
demand for MR in the region and regional market share. 
Primary demand is generally determined by the awareness of 
the referring physician of the indications for MR. As the 
number of MR units serving a given geographic region in- 
creases, primary demand may increase, but competition also 
increases. In such a setting, differences in throughput may 
reflect perceived differences in accuracy of interpretation, 
differences in service to the patient (i.e., rapid scheduling) or 
to the referring physician (i.e., rapid transmission of reports), 
and loyalty of physicians to their local site. Recently, the use 
of the limited partnership (in which referring physicians are 
also investors) has provided another impetus for patient re- 
ferral. The conflict of interest inherent in such relationships 
has already prompted restraining legislation in certain states 
and has been condemned in certain sectors of organized 
medicine [13]. 

Differences in collection rates are attributed both to prob- 
able differences in the collection mechanisms and to differ- 
ences in the socioeconomic status of the community, to the 
duration of operation, and to the date operation started. Our 
collection rate increased from approximately 60% during the 
first 6 months of operation after the approval of the Federal 
Drug Administration to its fiscal-year 1985 value of almost 
80%. This reflects the increasing number of third-party car- 
riers that reimburse for MR, now including Medicare. 


Conclusion 


While this comparison demonstrates only a “break-even” 
operation after 2 years of experience, it is obvious that a 
profitable operation is possible. Given our current 2-3 week 
waiting period for elective outpatient examinations, were we 
to dispense with all research activities and add another full 
day of Clinical operation, “profits” would increase accordingly. 
Were we to schedule our patients closer together, increasing 
the average waiting period before examination, patient com- 
plaints would certainly increase, but so would throughput and 
profits. Similarly, were we to cut back on the number of 
sequences performed and not review cases before patient 
dismissal, throughput could be increased. Thus, sites that 
have generated adequate demand to Study 3000 patients/ 
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year can be sufficiently profitable to continue operating in the 
current environment of favorable reimbursement. 

While this analysis demonstrates that profitable operation 
is certaily possible after 2 years of operation, the larger 
question of health care “efficacy” remains unanswered. In the 
extreme, were all patients to have both CT and MR studies 
for minimal complaints, throughput and profits would likely 
increase, but “efficacy” would certainly be decreased. Ob- 
viously, the costs associated with this scenario would not be 
ethical nor would they be tolerated by the third-party carriers. 
To ensure the “efficacy” of MR in the current environment of 
fiscal austerity, radiologists will have to increase their gate- 
keeping role, carefully identifying those patients who will best 
benefit from MR. If radiologists are unwilling to undertake this 
function, it is likely that it will be assumed by nonphysician 
policy analysts whose decisions will be much more heavily 
weighted by fiscal considerations than proper patient care. 
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New Assistant Editors 


| am pleased to announce the appointment of 19 assistant 
editors who will serve as chief advisers to the editor. Each 
will work closely with the editor in all matters related to the 
specific facet of radiology in which he/she is an authority. 

These people were selected because of their outstanding 
contributions to their subspeciality, their extraordinary intel- 
lectual talent, and their proved dedication to excellence in the 
radiologic sciences. 

Their counsel will ensure that the Journal brings new de- 
velopments in all aspects of radiology to the attention of its 
readers in a timely fashion. They will guarantee that the 
Journal continues to provide scientific information concerning 
radiology that is new, authentic, and significant, and that it is 
presented in a style that is clear and precise. 


Robert N. Berk 
Editor-in-Chief 
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Magnetic Resonance Imaging 
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Vancouver, BC 
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Boston, MA 
Efficacy Studies 





N. Reed Dunnick 
Durham, NC 
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St. Louis, MO 
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Meeting News 





Society of Magnetic Resonance in Medicine Meeting in 
London: Impressions and Comments 


The Fourth Annual Meeting of the Society of Magnetic 
Resonance in Medicine was held in London, England, August 
19-23, 1985. This was the first time this international society 
met outside the United States where it was founded. By 
meeting in Britain the Society was recognizing the major 
contributions in the early development of NMR imaging and 
in vivo NMR spectroscopy made in that country. 

Each year attendance at the annual meeting has increased. 
Registration numbered 1563, in addition to exhibitors. Of over 
900 papers submitted some 650 were accepted for either 
oral presentation or as posters. The meeting was held in the 
Barbican, a new center for Conferences and the Arts in the 
City of London, not far from St. Paul’s Cathedral. 

Following a teaching program on Monday, the meeting 
proper began on Tuesday with a welcome from Dr. lan Young, 
Chairman of the Organizing Committee, and Professor 
George Radda, Chairman of the Program Committee, and 
was formally opened by Professor Tom Budinger, President 
of the Society of Magnetic Resonance in Medicine. The 
President presented Dr. David Hoult the Gold Medal of the 
Society for 1985 for his pioneering contributions to the instru- 
mentation of nuclear magnetic resonance in applications re- 
lated to medicine. 

The opening plenary lecture by Professor Richard Ernst 
was a masterly account of basic principles and techniques of 
NMR imaging. Three shorter plenary contributions on tissue 
characterization, image contrast, and relaxation time were 
presented by Professor John Mallard, Dr. Lawrence Crooks, 
and Dr. lan Young. Tuesday's sessions were devoted to 
imaging. Each day throughout the meeting four or five parallel 
sessions usually were available with two sessions devoted to 
Clinical applications and two to new methods and techniques. 

Wednesday was devoted to in vivo high-resolution NMR 
spectroscopy. Professor Bob Shulman lectured on applica- 
tions to liver metabolism using 'H, '°C, and *'P nuclei. Work 
on animals has been carried out for several years, but now 
that 2 Tesla whole-body systems have the required resolution, 
Studies can be extended to humans. A plenary symposium 


on the role of NMR in brain ischemia using 'H and *'P NMR 
spectroscopy was introduced by Dr. G.H. du Boulay. 

Thursday was devoted to clinical applications, first with 
an excellent overview by Professor R.E. Steiner on the gen- 
eral impact of MRI on diagnostic radiology followed by a 
plenary symposium on heart disease. Professor C.B. Higgins 
gave a clear account of applications of MR! in heart disease, 
covering morphologic features, myocardial tissue characteri- 
zation, and function and study of abnormal blood flow 
patterns that showed how MRI assists in the anatomic, 
functional, and tissue characterization of cardiac disease. 
Professor George Radda explained the use of °'P NMR 
spectroscopy in the study of heart muscle failure. Professor 
Peter Mansfield demonstrated the remarkable advances of 
his fast imaging techniques by showing real-time movie se- 
quences of a child’s beating heart, which displayed both 
normal and abnormal cardiac function on a 64 x 64 matrix. 
The final paper in this symposium was given by Dr. W.E. 
Jacobus on the evaluation of high-energy metabolism in heart 
disease. 

Among the many excellent contributions were two seminars 
devoted to the use of contrast agents to enhance image 
contrast in lesions. As clinical trials proceed with gadolinium 
DTPA a wide range of other magnetic materials are being 
surveyed. These include ferromagnetic particles particularly 
magnetite, and paramagnetic materials, including other 
gadolinium compounds, a wide range of iron compounds 
(ferritin, metalloporphyrins, nitroxide radicals) and the use of 
molecular oxygen. 

Several seminars were devoted to new imaging techniques 
and to development of older techniques. Since an MRI scan 
takes substantially longer than a CT X-ray. scan it is not 
Surprising that a number of ingenious methods with significant 
potential, including the use of stimulated echoes for more 
rapid NMR imaging, were presented. The use of high versus 
low magnetic fields remains a wide open and controversial 
subject. Preliminary images at 4-7 Tesla on nonhuman sub- 
jects were shown; at the other extreme a commercial imager 
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that operates with great eccnomy at 0.02 T producing ac- 
ceptable images was displayed. 

Three sessions were devoted to the potential of NMR for 
the measurement of flow ir fluids in the body. One was 
concerned with ventricular CSF, another with blood flow and 
applications in angiography, end the third with the techniques 
of fast and slow flow and with in vitro and in vivo quantitation. 
Other technical developments included improvements in soft- 
ware and display systems, progress in micro-imaging and 
reconstruction techniques, and improved designs of radiofre- 
quency coils and resonators. 

Discussions on safety and patient handling included six 
papers on the absorption of radiofrequency power and con- 
sequent heating of the body, which gets close to FDA ac- 
ceptable limits at high operating fields. The potential dangers 
of quenches of superconducting magnets were also dis- 
cussed. 

Several papers and posters were offered on tissue ener- 
getics mainly using *'P nuclei, but also 'H and ‘°C nuclei, in 
humans, animals, and cellular systems. These included how 
to define precisely the spatie| volume from which the spectra 
are gathered and improved schemes for localization. Some 
procedures will give, in principle, both high resolution NMR 
spectra from specific anatomic places or images of specific 
spectroscopic lines corresponding to particular molecular spe- 
cies; the emphasis in the presentations was on the former. 
Although it is not difficult to obtain in vivo NMR spectra, it is 
hard to generate them fror a well defined organ or part of 
organ to the exclusion of other tissue. 

The human body does nct offer scope for a vast range of 
multinuclear magnetic resor ance applications. Nevertheless, 
besides the three nuclei mer tioned several papers concerned 
with 1F. Li, Na, 3K, 5Co NMR were of interest. Of these 
only the first has spin 1/2; the next three have spin 3/2 and 
the last has spin 7/2. The last four, therefore, all have a 
nuclear quadrupole moment to add to the interest of interpre- 
tation. There were also a few papers on electron magnetic 
resonance. 

High-resolution NMR spectroscopy demands the highest 
magnetic field strengths for the best spectral resolution and 
the best sensitivity. Conventional NMR spectroscopy, as used 
in chemistry and physics, has now been extended to 14 
Tesla. In vivo systems for work on animals has recently been 
extended to 4-7 T. Magnets of about this field strength with 
a bore large enough to accommodate the human body are 
under contemplation. During the London meeting there was 
a session at which a whole-body magnet with a field close to 
10 T was considered. The project was considered to be 
technically feasible but very expensive. Developments of this 
“decatesla” project will be followed with interest. 

From a Clinical point of vew, the possibility of tissue char- 
acterization using the T1 and T2 relaxation times is intriguing, 
and in several papers the value of such measurements in the 
clinical setting was discussed. Generally, the impression was 
that even if such measurements were reliable and accurate, 
the relaxation values founc were not specific enough to be 
used, for instance, for differentiation between different types 
of tumors. Therefore, the clinical value of the T1 and T2 
relaxation times still remains moderate. 
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MR’s first and broadest application was for imaging of the 
central nervous system (CNS), which was reflected in tne 
many Clinically oriented papers in this field. MR is generally 
more sensitive than CT for evaluation of the brain, even if 
acute hemorrhage remains a challenge. In the spine, MR is 
today the method of choice for myelopathy and is rapidly 
gaining ground in radiculopathies. Increased spatial resolution 
and use of thin, contiguous slices have improved considerably 
the possibilities in this field. 

Detection and evaluation of brain ischemia can be done 
much earlier with MR than with any other method. This allows 
early therapeutic intervention that may prevent or diminish 
the irreversible neurologic damage. As shown in the plenary 
lecture by Professor Brandt-Zawadski, MR has proven su- 
perior to CT for detection of the early phase of focal brain 
infarction. A series of interesting papers on spectroscopy for 
analysis of brain ischemia in experimental and clinical settings 
were encouraging, and Gadolinium-DTPA may be of impor- 
tance for both temporal and pathophysiologic characterization 
of such lesions. 

During the meeting it became increasingly clear that MRI 
has left the experimental stage and become an important and 
well established clinical method beyond its initial application 
for the CNS. In a plenary session, Professor Hricak gave an 
excellent expose of MR staging of pelvic neoplasms, and 
after Professor Lee’s lecture on the male pelvis, Professor 
Smith gave an interesting survey of MRI in human pregnancy. 

Cardiac disease again this year received much attention 
and the progress achieved was illustrated by several papers 
that followed Professor Higgins’. Relatively few papers on 
MR examinations of the mediastinum and abdomen were 
given this year. MRI has now been established for muscaios- 
keletal tumors, aseptic bone necrosis, and diseases of the 
spine; and an obvious potential for evaluation of joint and soft 
tissue trauma as well as inflammatory and degenerative joint 
disease is indicated. 

This meeting afforded a good illustration of where MRI 
stands today. With exciting possibilities of improved morpho- 
logic depiction of pathology and of linking together physioiogy 
and pathophysiology with morphology and histopathology, 
MRI has definitely left the experimental stage and become an 
important tool in routine clinical work. But there are still vast 
areas open for research. 

Within the virgin field it is absolutely necessary that radiol- 
ogists and other clinicians together with physicists collaborate 
with physiologists, biologists, and chemists, and that we not 
only work closely side by side, but learn to communicate and 
understand each other’s language. This year’s meeting, like 
its predecessors, again showed that this is possible, and that 
such joint meetings with lectures and papers covering the 
whole spectrum from pure mathematical and physical analysis 
to purely clinical examinations can be given and enjoyed by a 
mixed audience. 


E.R. Andrew 

H. Pettersson 
Department of Radialogy 
University of Florida 
Gainesville, FL 
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CT Discriminators of Malignant From Benign 
Adrenal Masses 


In the January 1985 issue of AJR, Hussain et al. [1] reported 43 
adrenal masses studied by CT. Size, contrast enhancement, and 
consistency emerged as important discriminators of malignant from 
benign adrenal masses. In their series, malignant lesions tended to 
be larger, with a cutoff at 6 cm (p < 1%), contours were not a 
significant discriminator (p < 10%), and contrast enhancement was 
Seen more often in malignant than in benign tumors (p < 1%). Benign 
adrenal masses generally had a regular consistency, whereas malig- 
nant lesions showed irregularity (p < 1%). 

Our experience does not agree with three of these criteria: size, 
contours, and contrast enhancement. We studied the CT findings in 
36 histologically proven adrenal masses, 14 patients had benign 
tumors (8 pheochromocytomas, 6 adenomas) and 22 has malignant 
tumors (16 metastasis, 4 adenocarcinomas, 1 pheochromocytoma, 
1 plasmocytoma). In 26 of these patients, contrast medium was 
administered. Retrospectively, in all patients, size and contours were 
analyzed and in the injected patients, consistency and contrast 
enhancement also were studied. Size and enhancement were meas- 
ured; contours and consistency were judged by three of us. The 
unpaired Student's t-test and the chi-square test were used for 
Statistical analysis. Results are expressed in terms of mean plus 
minus SD. 

The malignant tumors were larger than benign lesions with a cutoff 
at 5 cm (chi = 5.38; p < 5%) but a large variation was seen (mean + 
SD: 5.65 + 2.4 cm vs 4.3 + 1.7 cm). Contours were more often 
smooth in benign than in malignant masses (93% + 6% vs 36% + 
10%: p< 1%). 

Contrast enhancement occurred more often (> 20 HU) in benign 
than in malignant lesions (30.6 + 16.3 HU vs 13 + 9.44 HU; p < 1%), 
with marked enhancement occurring in pheochromocytomas (39 HU 
+ 11 HU), and poor enhancement in metastasis (10 HU + 8.5 HU). 
Consistency was more often homogeneous in benign than in malig- 
nant masses (66.6% + 12.6% vs 14.2% + 7.4%; p < 2%). 

The association of three or four CT discriminators of malignant 
from benign adrenal masses occurred in 23/26 (88%). This associa- 
tion offered a high rate of correct diagnoses (21/23, 90%) without 
need to consider the clinical findings. 

Our experience agrees with that of Hussain et al. for consistency, 
but not for size, contours, and enhancement. Hussain et al. reported 
that size offered clear discrimination, that contours were not a good 
discriminator, and that contrast enhancement was higher in malignant 
than in benign tumor. By contrast, our study leads us to believe that 
size does not discriminate malignant from benign tumors, that con- 
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tours can be a useful criterion, and that contrast enhancement occurs 
less often in malignant than in benign lesions. 

Jacques Drouineau 

Gilles De Verbizier 

C.H.U. La Milétrie 

Poitiers, France 
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Reply 


We appreciate the opportunity to respond to the comments of Drs. 
Drouineau and DeVerbizier. Their study was similar to ours in that 
they assessed the CT characteristics of adrenal masses and tried to 
identify parameters that could differentiate benign from malignant 
lesions. Despite their comment that their experience is not in agree- 
ment with our own, we feel that, in most important respects, their 
data confirm and replicate our findings. First, both studies, as well as 
many other investigations [1-7] confirm that large adrenal lesions are 
more likely to be malignant than benign ones. Drs. Drouineau and 
DeVerbizier found that 5 cm was a useful cut-off point; we found that 
6 cm was a better discriminating size level. In the largest published 
review of adrenal tumors, Copeland [4] found that 105 of 114 adrenal 
carcinomas were larger than 6 cm in diameter and only three benign 
adenomas in 1200 autopsies were larger than 6 cm in size. Clearly, 
one can choose a diameter arbitrarily as a cut-off point. The precise 
size selected will have some influence on the predictive values of 
positive and negative diagnosis of malignancy. 

Second, both studies confirmed that a homogeneous internal 
consistency is more often found in benign than in malignant masses. 

Third, both studies found that smooth contours occur more often 
in benign masses than in malignant ones. However, we found that 
many small metastatic lesions also had smooth margins, so that our 
chi-square test on this feature did not quite reach a level of signifi- 
cance. š 

The only important difference between the two studies is in the 
data on presence of contrast enhancement. Des. Drouineau and 
DeVerbizier found that marked contrast enhancement was more often 
present in benign that in malignant lesions, while we found that more 
malignant lesions had greater than 20 HU of enhancement. Data from 
the literature tended to support our findings. Adams et al. [2] and 
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Dunnick et al. [3] confirmed that contrast enhancement is commonly 
present in malignant adrenal lesions. There are several possible 
explanations for this descrepancy. For instance, Drs. Drouineau and 
DeVerbizier expressed their data average change in CT values for 
benign versus malignant lesions, while we compared the number of 
each type of lesion that had greater than 20 HU of enhancement. As 
they point out, a pheochromocytoma is a benign tumor that can 
occasionally have marked contrast enhancement. They had eight 
such tumors in their series. Perhaps marked staining of these benign 
tumors could sway their data. 

In summary, both studies tend to support the notion that large 
size, heterogeneity, irregular margins, and contrast enhancement 
often are associated with maligr ant lesion, whereas small size, hom- 
ogeneity, smooth margins, and lack of contrast enhancement predict 
a benign nature. Hypervascular pheochromocytomas and small met- 
astatic deposits may be exceptions to these trends. 

Sarwat Hussain 
The Aga Khan Hospital and Medical College 
Karachi, Pakistan 
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Percutaneous Kimray-Greenfield Filter Placement 


Percutaneous placement of Kimray-Greenfield filters, as described 
by Denny et al. [1] in the Octover 1985 issue of AJR, is a welcome 
advance in interventional radidlogy. | have placed these filters per- 
cutaneously through both the nternal jugular and femoral veins, as 
well as through venotomies, and | agree with Denny et al. that 
percutaneous placement is effective and that the femoral vein ap- 
proach is useful. 

| have used a different method for identification of the renal veins 
during filter placement that coes not require the use of a Bell- 
Thompson rule (not always available) but is nonetheless quick and 
simple. A C2 (Cobra) catheter is advanced into the inferior vena cava 
and manipulated into a renal vein orifice. Its position is confirmed by 
contrast material injection under fluoroscopic control, and the level is 
marked with a hemostat or similar clamp attached to the abdominal 
drape. This process is repeated to identify and mark the other renal 
vein and the junetion of the common iliac veins. The catheter is 
removed, the puncture site is dlated to accept the 24-French sheath, 
and the filter is placed by usinc the hemostats as guides. 

Donald L. Miller 
National Institutes of Health 
Bethesda, MD 20892 


LETTERS 


1317 


REFERENCE 


1. Denny DF, Cronan JJ, Dorfman GS, Esplin C. Percutaneeus 
Kimray-Greenfield filter placement by femoral vein puncture. AJR 
1985;145:827-829 


Reply 


Dr. Miller's technique is a useful way to determine precisely the 
desired location for Greenfield filter placement. However, an inferior 
venacavagram is still necessary before renal vein catheterization to 
exclude IVC thrombus, to determine IVC diameter, and to rule out 
IVC anomaly. Selective renal vein catheterization requires extra tme 
and so should not be necessary routinely; it is most useful when the 
IVC-gram leaves doubt about renal vein position or number. 

In general, one must be very cautious in the use of external 
markers. Hemostats and small lead markers have a disturbing tend- 
ency to move as the patient fidgets or as the table is positioned. This 
is less likely to occur with a large object such as the Bell-Thonapson 
ruler or other similar measuring devices placed underneath a patient. 
Perhaps more importantly, parallax error is much greater with ante- 
riorly placed markers because of the posterior position of the WC. If 
an anterior marker is used, the operator should be sure to center the 
catheter in the middle of the field when placing the marker, and to 
center the marker in the middle of the field when checking filter 
position. 

Donald F. Denny, Jr. 
John J. Cranan 
Gary S. Dorfman 
Yale University 

New Haven, CT 


Barium Suspension Viscosity 


The recent article in the January 1986 issue of the AJR by Rubesin 
and Herlinger [1] correctly emphasizes that the water added to a high 
density barium suspension must be carefully measured. However, 
the authors’ conclusion that a mere 1.0 ml difference in added water 
will cause a significant difference in the coating ability of the suspen- 
sion tested (E-Z HD) is unfounded in the light of both practical 
considerations and the stated experimental conditions and data. 

First, there is no indication that the temperature of each cup of 
barium was precisely controlled during the 600 clinical studies. Yet, 
as shown by the authors’ own data (Fig. 4), very large changes in 
suspension viscosity occur with only a 1-degree temperature change 
at common room temperatures of 20-24°C. Second, 10-15 ml of 
water are commonly used to wash down the gas granules during a 
double-contrast study. Combined with gastric secretions of unknown 
volume. this additional fluid destroys any effects of the precision with 
which the original water may have been measured while mixing the 
barium suspension. Third, analysis of the authors’ own data using 
the chi-square test indicates that the slightly more favorable results 
with 67 ml water were not statistically significant (p = 0.14). 

As a result of the above, we suggest that accuracy to 1.0 ml is 
not necessary in preparing the E-Z HD high density suspension and 
the water added need not be measured with a graduated cylinder or 
pipette stand as concluded by the authors. Unexplainably, the authors 
fail to mention that the measuring cup supplied for many years by 
E-Z EM is calibrated to hold 67 ml of water, and consistently returns 
66-70 ml of water when filled to the top. In our opinion, this is 
completely adequate for its purpose if used with care. 

David W. Gelfand 
David J. Ott 
H. Alexander Minitz 
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Yu Men Chen 
Bowman Gray School of Medicine 
Winston-Salem, NC 
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Reply 


Thank you for the opportunity to reply to the criticism by Gelfand 
et al. to our recent paper. 

1. Temperature control: Barium mixing is carried out by us in an 
air-conditioned environment with distilled water stored at a room 
temperature of 23.5-24° C. Therefore, there is not the variability of 
temperature that would be with tap water. 

2. Intragastric fluids: With slow patient turning in the course of 
UGI examinations barium and intragastric fluids do not necessarily 
mix. Gastric mixing is certainly a problem to which we have referred 
in Our paper. Barium viscosity may also be affected by gastric pH, 
intragastric temperature, and speed of barium flow. We believe that 
the large number of patients included in the clinical study cancel out 
these uncontrollable and variable influences. 

3. Statistical significance: Although we did not claim statistical 
significance in the paper, its absence does not mean that the results 
are incorrect. It is simply a reflection of the difficulty in proving 
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Statistically that small differences are not due to chance. Analysis by 
the Kolmogorov-Smirnov two-sample test has shown a 12% proba- 
bility that these differences could have been due to chance. However, 
a pilot study to which we have referred in our paper included 58 
patient examinations using a 67-ml addition of water to barium, 59 
patients with 65 ml water, and 22 with 70 ml. The results were part 
of a report to a “Mucus and Barium Workshop” held in New York in 
October 1983 and were published in summary form [1]. The pilot 
Study found the 67-ml suspension superior in terms of areae gastricae 
visualization. Although these findings cannot be combined with those 
in our recent paper for a statistical evaluation, they do add support 
to the correctness of our observation. 

4. The measuring cup: we have fully tested this and found its 
variability in water delivery to be at least the 5 ml mentioned by 
Gelfand et al. This difference is wide enough to preclude the achieve- 
ment of optimal results. 

H. Herlinger 

Hospital of the Univecsity of Pennsylvania 
Philadelphia, PA 

S. E. Rubesin 

The Johns Hopkins Hospital 

Baltimore, MD 
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Abstracts 





Heart 


A new approach to noninvaswe evaluation of aortic regurgitant 
fraction by two-dimensional Doppler echocardiograph. Kitabatake 
A. Ito H, Morita T, Fujii K, Yoshida Y, Masuyama T, Yoshima H, Hori 
M, Kamada T (Osaka University School of Medicine, 1-1-50 Fuku- 
shima, Fukushima-ku, Osaka £33 Japan). Circulation 72:523-529, 
1985 


The aortic regurgitant fraction was estimated noninvasively in 20 
patients with aortic regurgitation from systolic aortic and pulmonary 
volume flow determined by duplex Doppler echocardiography. By 
assuming that an excess of the aortic volume flow (AF) compared 
with the pulmonary volume flow (PF) is due to aortic regurgitant flow, 
the aortic regurgitant fraction (RF) was calculated as follows: RF(%) 
= (AF — PF) AF x 100. The aortic and pulmonary volume flows were 
determined as products of systolic integrals of ejection flow velocities 
and cross-sectional areas of the left and right ventricular outflow 
tracts, respectively. The Doppler estimate of the regurgitant fraction 
was compared by semiquantita-ive grading (1+ to 4+) by cineaortog- 
raphy and with the measurement of regurgitant fraction by catheter 
technique. The mean Doppler-determined aortic regurgitant fraction 
was 2.4% for normal subjects, 28.0% for the patients with 1+, 32.6% 
for the patients with 2+, 53.3% for the patients with 3+, and 62.4% 
for the patients with 4+. A fair correlation was found between Doppler 
estimates of regurgitant fraction and semiquantitative cineaorto- 
graphic grades (r = 0.80, p < 0.)1). In the patients without associated 
mitral regurgitation, a close correlation was observed between Dop- 
pler and catheter estimates o~ regurgitant fraction (r = 0.96, p < 
0.01; y = 1.0x — 0.08). In the patients with associated mild mitral 
regurgitation, however, DoppEr estimates of regurgitant fraction 
substantially underestimated those determined by the conventional 
catheter technique, which cannot separately quantitate the aortic 
regurgitant fraction in the presence of mitral regurgitation. These 
observations indicate that the proposed Doppler technique provides 
a useful method to evaluate the aortic regurgitant fraction specifically, 
regardless of the presence of essociated mitral lesions. 


Author Abstract 


Gastrointestinal System 


Mesenteric cysts and intra-abdominal cystic lymphangiomas. 
Takiff H, Calabria R, Yin L, Stabile BE (Veterans Administration 
Medical Center, West Los Angeles, CA) Arch Surg 120: 1266-1269, 
Nov 1985 


Although mesenteric cysts and intra-abdominal cystic lymphan- 
giomas are uncommon and clinically confusing lesions, histologic and 


ultrastructural evidence suggests that they are pathologically distinct. 
Differentiation of these lesions is important since lymphangiomas may 
follow a proliferative and invasive course. Of 28 cases documented 
at laparotomy, histologically eight patients (29%) had cystic lymphan- 
giomas and 20 patients (71%) had mesenteric cysts. Lymphangioma 
was found to be exclusively a disease of childhood and young 
adulthood (mean age, 10 years); mesenteric cyst was found in all age 
groups (mean age, 44 years), and two-thirds of these patients were 
over 40 years old. Patients with lymphangiomas more frequently were 
male (75% vs 30%), symptomatic (88% vs 35%), and had ascites 
(50% vs 0%), and larger lesions (mean, 8.8 vs 4.7 cm) when compared 
with patients with mesenteric cysts. Complete excision was possible 
in all but four patients, with no operative deaths and a postoperative 
complication rate of 7%. After a mean follow-up period of 4 years, 
there were no recurrences among 16 patients who had undergone 
complete excision. 


Author Abstract 


The natural history of diagnosed gallstone disease in sympto- 
matic and asymptomatic patients. McSherry CK, Ferstenberg H, 
Calhoun WF, Lahman E, Virshup M (Beth Israel Medical Center, New 
York, NY 10003) Ann Surg 202:59-63, July 1985 


The natural history of gallstone disease in 691 patients, followed 
for a mean +SD duration of 78 + 61.6 months (median 62.9 months), 
is presented. These patients are all subscribers of a large health 
maintenance organization and are believed to represent a cross 
section of middle income Americans. Symptoms attributed to biliary 
tract disease were present in 556 (80.5%), and the other 135 (19.5%) 
patients were asymptomatic. In the symptomatic group, the mean + 
SD duration of observation was 82.9 + 63.2 months (median 68.5 
months); 242 (44%) eventually underwent biliary tract operations 
most often because of persistent symptoms. Only 10% of asympto- 
matic patients followed for 58 + 50.2 months (median 46.3 months) 
developed symptoms of biliary calculi, and 7% required operations. 
There were 50 deaths in this series of 691 patients, 25 in the 
symptomatic group, and 25 in the asymptomatic. Only two of these 
deaths were biliary tract related, and both were in the symptomatic 
group. This study suggests that patients with silent stones do not 
need to be operated on before the development of symptoms. In 
addition, many patients with symptoms of biliary calculi can tolerate 
their symptoms for long periods of time and prefer this course of 
action to cholecystectomy. 


Author Abstract 


The sensitivity of hepatobiliary imaging and real-time ultrason- 
ography in the detection of acute cholecystitis. Fink-Bennett D, 
Freitas JE, Ripley SD, Bree RL (William Beaumont Hospital, Royal 
Oak, MI 48072) Arch Surg 120:904-906, Aug 1985 
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To determine the sensitivity of hepatobiliary imaging (HBI) and 
Strict- and liberal-criteria real-time ultrasonography (RTUS), we ret- 
rospectively analyzed 100 cases of pathologically proved acute cho- 
lecystitis (AC). A positive HBI was one in which there was nonvisual- 
ization of the gallbladder up to 4 hours after the administration of 
technetium Tc 99m-disofenin. In the absence of hypoalbuminemia, 
cirrhosis, or ascites, pathognomonic RTUS findings (strict criteria) for 
AC were wall edema and/or pericholecystic fluid. Findings indicative 
of AC (liberal criteria) included the demonstration of stones, a thick 
gallbladder wall, nonshadowing echoes, or the sonographic Murphy’s 
sign. Of the 100 cases of AC, 91 were calculous, and nine were 
acalculous. Four of 100 patients had associated choledocholithiasis. 
The sensitivities in detecting calculous AC were as follows: HBI, 97%; 
liberal-criteria RTUS, 86%; and strict-criteria RTUS, 24%. The sensi- 
tivities in detecting acalculous AC were as follows: HBI 100%; liberal- 
criteria RTUS, 89%; and strict-criteria RTUS, 44%. 


Author Abstract 


Preoperative imaging of liver metastases. Gunven P, Makuuchi M, 
Takayasu K, Moriyama N, Yamasaki S, Hasegawa H (National Cancer 
Center Hospital, Tokyo, Japan) Ann Surg 202:573-579, Nov 1985 


Thirty-one patients with mostly colorectal cancer metastases to 
the liver had preoperative selective/superselective angiograms (24 
cases), CT [26 cases, mostly enhanced by contrast administered by 
a peripheral vein (9), the common hepatic artery (9), or the portal vein 
(5)], and sonography (26 Cases). Intraoperative sonography and 
palpation and examination of the resected specimens revealed 113 
tumors. CT detected almost half of the masses smaller than 1 cm, 
and sonography and angiography about one-third of lesions 1 to 2 
cm in size. Sonography was less powerful for examination of the 
posterior segment of the liver. CT and sonography placed the tumors 
into subsegments more accurately than did angiography. Almost 
40% of the preoperative plans had to be changed, in two-thirds by 
extended resections and in one-third by a change from curative to 
palliative intent. Most changes were due to extrahepatic tumor 
growth, often within areas screened before surgery. The use of all 
three imaging modalities for liver metastases is recommended for 
preoperative planning. 


Author Abstract 


Diverticula, neoplasia, or both? Boulos PB, Cowin AP, Karamanolis 
DG, Clark CG (University College London, The Rayne Institute, Lon- 
don, England, WC1E 6JJ) Ann Surg 202:607-609. Nov 1985 


In 105 patients with symptomatic Sigmoid diverticular disease, 
colonscopy revealed an associated frequency of carcinoma of seven 
(6.6%) (Dukes A in 4, B in 2, and C in 1) and adenomas in 29 (27.6%), 
with a peak incidence of 60 to 79 years, and an equal sex distribution. 
In 45 (43%) examinations, the barium enema was inaccurate. The 
presenting complaints of abdominal pain and/or alteration in bowel 
habit in 36 patients with neoplasms and 69 without were similar, but 
significantly more patients with neoplasms complained of rectal bleed- 
ing (p < 0.05). Endoscopic examination is therefore recommended in 
patients with sigmoid diverticular disease, particularly in those over 
60 years old and with rectal bleeding. 


Author Abstract 


Multiple primary epidermoid carcinomas of the upper aerodiges- 
tive tract. Shons AR, McQuarrie DG (University of Minnesota Hospi- 
tals, Minneapolis, MN) Arch Surg 120:1007-1009, Sept 1985 


In a series of 405 patients with epidermoid carcinoma of the head 
and neck, 52 patients (13%) developed multiple epidermoid carcino- 
mas of the upper aerodigestive tract. Subsequent primary tumors 
developed with nearly equal frequency in the head and neck, lung 
and esophagus. Forty of the patients developed a subsequent pri- 
mary carcinoma within 5 years of the first. Thirty-eight (73%) of the 
patients who developed a subsequent primary carcinoma survived 
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less than 2 years from its diagnosis. The majority (34/50) of the 
patients died from the subsequent primary carcinoma. We recom- 
mend that panendoscopy and an esophagogram be performed on 
initial evaluation of patients with head and neck cancer. A thorough 
examination is warranted if new symptoms or signs develop. 


Author Abstract 


Radiologic diagnosis of an intra-abdominal abscess. Do multiple 
tests help? Dobrin PB, Gully PH, Greenlee HB, Freeark RJ, Moncada 
R, Churchill R, Reynes C, Henkin R (Hines Veterans Administration 
Hospital, Hines, IL 60141) Arch Surg 121:41-45, Jan 1986 


A review was made of the charts of 94 patients who underwent 
ultrasonography (US), CT, and gallium citrate Ga 67 scan (Gall scan) 
to rule out intra-abdominal abscesses. Of all the clinical and laboratory 
data, only the presence of pain and tenderness differentiated patients 
with and without abscesses. A review of radiolagic data showed that 
CT was superior to US, and that US was superior to Gall scan with 
regard to sensitivity, Specificity, accuracy, and positive and negative 
predictive values. When multiple radiologic tests were performed, 
results agreed in 72% of cases; therefore, the additional tests were 
essentially redundant. When radiologic test results disagreed, accu- 
racy rates were CT, 0.86; US, 0.00; and Gail scan, 0.44. These 
findings suggest that, except to rule out pelvic abscesses in the 
presence of pelvic inflammatory disease, CT is usually the only special 
radiologic test that should be performed to localize a Suspected intra- 
abdominal abscess. 


Author Abstract 


A comparison of multiple synchronous colorectal cancer in ulcer- 
ative colitis, familial polyposis coli, and de novo cancer. Greenstein 
AJ, Slater G, Heimann TM, Sachar DB, Aufses AH, Jr. (Mount Sinai 
Medical Center, New York, NY 10029) Ann Surg 203:123-128, Feb 
1986 


Multiple synchronous colorectal cancer (MSCC) among 1537 pa- 
tients (69 with familial polyposis coli (FPC), 780 with ulcerative colitis 
(UC), and 685 with de novo colorectal (DNC) cancers) admitted to 
The Mount Sinai Hospital between 1945 and 1981 was tabulated. 
MSCC occurred in five of 24 cancer patients with FPC (21%), in 12 
of 65 cancer patients with UC (18%), but in anly 17 of 685 DNC 
patients (2.5%). The proportions of MSCC cases with more than two 
synchronous tumors were also much greater in the former two groups 
(UC 6/12 = 50%, FPC 3/5 = 60%) than in DNC (0/17 = 0%). 
Multiplicity of cancers is thus a distinguishing feature of UC and FPC. 
MSCC differed from solitary cancers by association with older age 
and more advanced stage at diagnosis in patients with FPC and by 
a rightward shift in anatomic distribution in all patients, especially 
those with FPC and UC. 


Author Abstract 


Mesenteric and retroperitoneal cysts. Kurtz RJ, Heimann TM, Holt 
J, Beck AR (Mount Sinai School of Medicine, New York, NY 10029) 
Ann Surg 203: 109-112, Jan 1986 


Mesenteric and retroperitoneal cysts are rare intra-abdominal tu- 
mors. Ten new patients are presented as well as 152 other cases 
reported in the English literature. These 162 cases were then ana- 
lyzed for significant trends. Patients under 10 years of age were 
Significantly different from the older group with respect to a shorter 
duration of symptoms, a higher number of patients requiring an 
emergency operation, a lower number of recurrences, and the loca- 
tion of the cyst. Patients with retroperitoneal cysts were more likely 
to have incomplete excision of the cyst and, therefore, had a higher 
incidence of recurrence. They also required marsupialization more 
often. Retroperitoneal cysts should be considered a different entity 
from mesenteric cysts even though they present clinically in a similar 
fashion. The outcome of surgical treatment is less Satisfactory in 
patients with retroperitoneal cysts. 


Author Abstract 
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Protean manifestations of pylethrombosis. A review of thirty-four 
patients. Witte CL, Brewer ML, Witte MH, Pond GB (University of 
Arizona College of Medicine, Tucson, AZ 85724) Ann Surg 202:1 91- 
202, Aug 1985 


This paper is a retrospective review of 34 patients, ages 15 to 75 
years, with documented portal venous occlusion (PVO). Hepatic 
cirrhosis was the most common cause of PVO, occurring in 11 
patients. The onset of PVO in these patients was heralded by 
worsening ascites, often accompanied by variceal hemorrhage. The 
second most common cause >f PVO in the series was acute pyle- 
thrombosis, occurring in eigh: patients. These patients presented 
with sudden abdominal pain, anorexia, and severe diarrhea, soon 
complicated by hematochezia or hypotension. In these patients, 
portomesenteric thrombosis was usually extensive, with clot propa- 
gating into small peripheral venous radicles, and with diffuse iliojejunal 
hemorrhagic infarction. Survival was related to the promptness of 
operation, and to the extent of bowel ischemia. Septic pylephlebitis, 
secondary to other intraabdoninal infection, was the cause of PVO 
in five patients; mortality was tigh. Cavernous transformation of the 
portal vein was the underlying cause of PVO in four patients. In all 
four, thrombosis was limited to the portal venous system. These 
patients presented with varices and intestinal bleeding, but ascites 
was uncommon. Survival of these patients was longer and eventual 
death was unrelated to bowel infarction. Portomesenteric venous 
occlusion was a complication of intraabdominal cancer in six patients, 
four of whom had cancer of the pancreas. PVO in these patients was 
heralded by progressive ascites and abdominal pain, profound weight 
loss, and severe anorexia, followed quickly by death. Regardless of 
the underlying cause, ascites was usually absent when only the portal 
venous system was involved, and more common when mesenteric 
clot was present. Various imaging studies are utilized in patients with 
symptoms of PVO. Plain films of the abdomen are often nonspecific 
in patients with PVO, but the combination of small bowel distention, 
relative lack of air in the colon, and fluid sequestration either within 
small bowel or the peritonee! cavity should suggest PVO as the 
cause. Contrast GI studies and sonography were rarely helpful. 
Superior mesenteric angiography with vasorelaxants was the most 
accurate way to establish the diagnosis of PVO preoperatively. More 
recently, CT has been very useful in patients with PVO. CT with 
contrast enhancement can demonstrate the dilated, thrombus-filled 
portal and mesenteric veins, demonstrate collateral venous flow, and 
also detect concomitant intraabdominal conditions such as tumor or 
abscess. 


Reiley Kidd 


The prognostic value of the modification of the Dukes’ C class of 
colorectal cancer. An analysis of the NSABP clinical trials. Wol- 
mark N, Fisher B, Wieand HS (National Surgical Adjuvant Breast and 
Bowel Project, 3500 Terrace Street, Pittsburgh, PA 15261) Ann Surg 
203:115-122, Feb 1986 


This study was carried out in an effort to resolve the dilemma 
created by three proposed modifications of the Dukes’ C class of 
colorectal cancer. Each modification is based on a separate prognos- 
tic discriminant characterized by: 1) the level of histologically positive 
nodes, 2) the depth of tumor penetration, and 3) the number of 
histologically positive nodes. Data were derived from 844 patients 
with Dukes’ C lesions randomized into two prospective clinical trials 
of the NSABP; the mean time on study was 41 months. Analysis of 
the three modifications as independent variables without regard for 
possible confounding effects disclosed that each had a highly signif- 
icant predictive capacity. When each discriminant was examined, this 
time adjusting for the contribution of the other two discriminants, the 
effect attributable to the level of positive nodes was markedly atten- 
uated. Thus, the level of positive nodes provided little information 
over and above that of depth of tumor penetration and the number 
of positive nodes. Of the two atter discriminants, although both were 
significant predictors of surv val, the number of positive nodes ap- 
peared to be the strongest factor. By using both depth of penetration 
and the number of positive nodes, a unique Dukes’ C subset of 
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patients could be identified with a prognosis at least as good as 
Dukes’ B lesions; this group was characterized by partial tumor 
penetration and the presence of 1-4 positive nodes. It was concluded 
that both depth of penetration and the number of positive nodes 
represent appropriate modifications of the initial Dukes scheme, and 
one discriminant should not be used to the exclusion of the other. 
The data raise serious doubts relative to the propriety of newly 
proposed TNM classification schemes that fail to utilize the number 
of positive nodes as a predictive discriminant. 


Author Abstract 


Bile duct varices. Spira R, Widrich WC, Keusch KD, Jackson BT, 
Katzman HE, Coello AA (Cedars Medical Center, Miami, FL 33136) 
Arch Surg 120:1194-1196, Oct 1985 


The distal esophagus and stomach are the most common locations 
for varices in patients with portal hypertension. However, varices do 
occur at other sites, such as the duodenum, small bowel, colon, 
rectum, and gallbladder, depending upon the site of collateral venous 
flow. The authors present two cases of varices involving the common 
hepatic and common bile ducts; in both there was extrahepatic 
obstruction of the portal vein, with collateral flow around the obstruc- 
tion through collaterals along the common bile duct and the gallblad- 
der into the intrahepatic portal venous system. In both patients, the 
varices produced nodular or notched defects in the wall of the duct 
biliary ductal system at cholangiography. 


Reiley Kidd 


Computed tomography and the prediction of pancreatic abscess 
in acute pancreatitis. Ranson JHC, Balthazar E, Caccavale R, 
Cooper M (New York University Medical Center, New York, NY 
10016) Ann Surg 201:656-665, May 1985 


Pancreatic abscess has become the most common cause of death 
from acute pancreatitis. Since CT permits noninvasive imaging of the 
peripancreatic anatomy, the relationship of early CT findings to late 
pancreatic sepsis has been evaluated in 83 patients with acute 
pancreatitis. Pancreatic abscesses developed in 17 patients and were 
responsible for five of the six deaths in this study. Initial CT findings 
were graded: A = normal, in 12 patients; B = pancreatic enlargement 
alone, in 19; C = inflammation confined to pancreas and peripan- 
creatic fat, in 17; D = one peripancreatic fluid collection, in 12; and E 
= two or more fluid collections, in 23. The incidence of pancreatic 
abscess in grades A and B was 0%; in grade C, 11.8%; in grade D, 
16.7%; and in grade E, 60.9%. Fluid collections on CT resolved 
spontaneously in 19 of 35 (54.3%) patients. Abscess developed in 
two patients with no fluid collections on initial CT study. Early imaging 
of the pancreas by CT identifies a group of patients with increased 
risk of pancreatic abscess. Early CT evaluation of the pancreas is 
recommended in patients who, upon Clinical evaluation, appear to 
have pancreatitis of moderate or severe degree. Not only does this 
study help to identify early those patients who have a high risk of 
abscess, but, occasionally, the demonstration of extraintestinal gas 
will indicate early that infection has already occurred. In patients with 
initial CT findings that are more marked than pancreatic enlargement 
alone, and who have persistent clinical evidence of pancreatic inflam- 
mation, CT evaluation repeated at intervals of approximately 2 weeks 
may be of value in monitoring changes in retroperitoneal anatomy. 


Reiley Kidd 


Volvulus of the colon. Incidence and mortality. Ballantyne GH, 
Brandner MD, Beart RW Jr., Ilstrup DM (Mayo Clinic and Mayo 
Foundation, Rochester, MN 55905) Annals of Surgery 202:83-92, 
July 1985 


Between 1960 and 1980, 137 patients with colonic volvulus (52% 
cecal, 3% transverse colon, 2% splenic flexure, and 43% sigmoid) 
were seen at the Mayo Clinic. Among the 59 patients with sigmoid 
volvulus, four (7%) had colonic infarction. Total mortality with sigmoid 
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volvulus was 7%. There were 71 patients with cecal volvulus. Colon- 
oscopic decompression was accomplished in two of these patients; 
in 15 (21%), gangrenous colon developed and mortality was 33%. 
Total mortality for cecal volvulus patients was 17%. Mortality for all 
forms of volvulus in patients with viable colons was 11%. Mortality 
for all patients with volvulus was 14%. 


Author Abstract 


Genitourinary System 


Emergency intravenous pyelography in the trauma patient A 
reexamination of the indications. Fortune JB, Brahme J, Mulligan 
M, Wachtel TL (Albany NY Medical College, Albany, NY 12208) Arch 
Surg 120:1056-1059, Sept 1985 


Because of the high incidence of abnormal intravenous pyelograms 
(IVPs) in victims of blunt trauma undergoing -resuscitation, a retro- 
spective review of the Trauma Registry at the University of California, 
San Diego Medical Center, was undertaken to evaluate the Indications 
for ordering this test. The charts of 216 patients were reviewed, all 
of whom had formal IVPs (four films) done as an emergency procedure 
at the time of admission. In this study, special attention was directed 
toward comparing both the degree of hematuria and the anatomic 
site of injury with the results of the IVP. A total of 20 renal injuries 
was detected by IVP. Of these Injuries, all but one had hematuria 
that was greater than 50 red blood cells per high-power field. All but 
one of the abnormal IVPs were associated with obvious abdominal 
injuries. The results of the IVP Influenced the clinical course of only 
one patient m the entire series. We conclude that the use of the 
formai IVP (four fims) in the resuscitation phase of treating the 
multiply traumatized patient be reserved for those patients with 
penetrating abdominal injury or with hematuria consisting of greater 
than 50 red blood cots per high-power field. For any major blunt 
abdominal trauma without significant hematurla, a more simple and 
rapid study (one-shot IVP} to demonstrate bilateral nephrograms is 
probably adequate to rule out occult renal artery thrombosis. 


Author Abstract 


Angiography 


Lower extremity arterial disoase in young adults. A systematic 
approach to early diagnosis. Hallett JW Jr., Geenwood LH, Robison 
JG (Mayo Clinic and Mayo Foundation, Rochester, MN 55905) Ann 
Surg 202:647-652, Nov 1985 


Arterial insufficiency of the lower limb is uncommon in young adults. 
However, It does occur, and diagnosis is often delayed, usually 
because of incomplete physical examination of the leg and foot. 
Between 1975 and 1985, the authors managed 51 adutts under 40 
years of age who had arterial occtusive disease of the lower limb. 
Although premature atherosclerosis was the most common cause 
(50%), claudication or Ifmb-threatening ischemia also resulted from 
other sources (thromboembolism, popliteal artery entrapment, Buer- 
ger’s disease, collagen vascular disease, and Takayasu's arteritis, in 
decreasing frequency). Identifying the exact cause was sometimes 
difficult. Incomplete or inadequate arteriography contributed to the 
difficulty in nearly 20% of cases. Eight patients required additional or 
special angiographic views to demonstrate the underlying anatomic 
lesions. The most common deficiency of arteriography was failure to 
show the entire abdominal aorta, including renal orifices, and the 
runoff to the calf. The second most common fault with arteriography 
was failure to demonstrate popliteal artery entrapment by the gastro- 
cnemius muscle. Three of seven patients with popliteal artery entrap- 
ment required angiography while actively plantar flexing against a 
footboard to demonstrate the entrapment. The authors present a 
systematic, clinical approach to young patients who present with 
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symptoms of claudication, rest pain, foot ulcers, or microsmboll, and 
who may have arterial insufficiency as the cause 


Retey Kidd 


Assessment of aortolliac disease using hemocynamic measures. 
Breslau PJ, Joming G, Greep JM (St. Annada! Hespital, University of 
Limburg, The Netherlands) Arch Surg 120:1050-1052, Sept 1985 


To study the role of accurate hemodynamic assessment of aorto- 
iiac disease, intra-arterial pressure measuremerts of 100 aortoillac 
segments were compared with Doppler velocity waveform analysis 
and contrast arteriography. By applying the statistic k, we assessed 
the degree of agreement among the three methods corrected for 
chance. The agreement between pressure measurements and con- 
trast arteriography provided a k of 0.41, as oid the agreement 
between pressure measurements and velocity waveform analysis. 
Our results indicate that contrast arterlography end studies 
underestimate significant aortcliac disease. Since 
the correlation fs so poor, it is essential to use inva-arterial pressure 
measurements in every patient who is a candida® for surgery. 


Author Abstract 


eae MM, Decesare D, Morgan S, Sparrow - 
Medical Center, Phoentx, AZ 85006) Arch Surg 120:1010-1012, 
Sept 1985 


in April 1981, a total of 297 carotid arterie were examined, 
. All patients were asymptomatic ard were referred to 
the peripheral vascular laboratory at Good Samaran Medical Center, 
Phoenix, for real-time B-mode sonography. A measurement of luminal 
area stenosis was determined to be either greate= or less than 75%. 
In addition, the sonographic echo pattern was used to classify plaque 
as either calcified, dense, or soft. If, for any reason, the patient or 
physician felt that carotid endarterectomy should be performed, the 
patient was dropped from the study. in addition, the use of antiplatelet 
medication or anticoagulants constituted disqualification. Three 
groups of patients were observed for 3 years Dr unti symptoms 
became Patients in all threes groups wth stenosis greater 
than 75% at the time of initial study were at greater risk than their 
peers without significant narrowing; however, een those patients 
with less than 75% stenosis were at greater risE if the associated 
plaque was less organized, l.e., soft. A definite tend toward higher 
risk Is seen in plaques of lower density. Only 10° of those patients 
with calcified plaque and a significantly stenotic ~esse! have devel- 
oped symptoms. in contrast, only three patients of the original 42 
with soft plaque and a tight stenosis are still beg observed. This 
study appears to confirm that soft plaques have a greater tendency 
toward subintimal hemorrhage, ulceration, or prtnary embolization 
than more wel-organized plaques. 


Author Abstract 


Nervous System 


Lumber spinal stenosis. Hail S, Bartieson JD, Gnofrio BM, Baker 
HL, Okazaki H, O'Duffy JD (Mayo Clinic and Mayo Foundation, 
Rochester, MN) Annals of Internal Medicine 103:271-275, Aug 1985 


Our expertence with 68 patients with strictly de“ined, myelograph- 
ically proven, surgically confirmed lumbar spinal Stenosis seen over 
a 30-month period was reviewed. Pseucociaudicacion was the com- 
monest symptom (94%) and was described by patients as paln (93%), 
numbness (63%), or weakness (43%). Symptoms were frequentiy 
bilateral (68%) and generally relieved by flexing the Limbosacral spine. 
Neurologic abnormalities were found in a minority of patients and 
were usually mild. Electromyography showed ons or more lumbo- 
sacral radiculopathies in 34 of 37 patients examimed. Radiographic 
evidence of degenerative disk or joint disease .vas found in 63 
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patients. All patients had stenosis on myelography, with narrowing 
at L2, L3, and L4 being the commonest; 30% had multi-level stenosis. 
Two of 10 computed tomograms were normal. Surgery was exten- 
sive; 72% of patients had three Dr more laminae removed. At a mean 
of 4 years after surgery, 84% cf patients reported that surgery had 
yielded good to excellent results. 


Author Abstract 


Pediatric Radiology 


Percutaneous Endoscopic Gastrostomies in Children. Benkov KJ, 
Waye JD, Leleiko NS (Division of Pediatric Gastroenterology, Mount 
Sinai Medical Center, Annenberg Bldg. 17-80, 1 Gustav Levy Place, 
New York, NY 10029). Pediatrics 77(2):248-250, Feb 1986 


Four children, aged 7 months to 4 years, with severe neurologic 
impairments required a feeding gastrostomy. The gastrostomy tubes 
were all placed percutaneously in conjunction with endoscopy. After 
full esophagogastroduodenoscopy, the stomach was inflated and the 
point of maximum transillumination was identified on the anterior 
abdominal wall. Local anesthesia was infused and a 14-gauge sheath 
needle was inserted. A #2 silk thread was passed through the sheath, 
endoscopically grasped, and pulled out through the mouth. The 
sheath was removed and the thread tied to the proximal end of a 14 
French Malecot catheter and pulled via the mouth through the anterior 
abdominal wall. Feeding could usually begin the following day. No 
complications occurred in this series; however, complications have 
been reported in approximately 10% of percutaneous endoscopic 
gastrostomies. Operative morbidity generally averages approximately 
15% in reported series. Contraindications to the procedure include 
intrinsic or obstructive gastric lesions or inability to pull the stomach 
against the anterior abdominal wall. Gastroesophageal reflux is a 
relative contraindication. 


Richard B. Towbin 


Pediatric Digital Subtraction Angiography: Intraarterial and Intra- 
cardiac Applications. Tonkin LD, Fitch SJ, Magill HL, Gerald BE, 
Gold RE, Alpert BS, Chase NA, and Watson DC (Departments of 
Radiology, Pediatrics and Surgery, The University of Tennessee, 
Memphis, LeBonheur Children’s Medical Center, Memphis, TN 
38103). Pediatr Radio! 16:126-130, Feb 1986 


Intraarterial digital subtracton angiography (IA-DSA) was per- 
formed in 80 pediatric patients during a 12-month period. Forty-four 
underwent arterial injections with digital filming techniques. Of the 
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130 injections, |A-DSA imaging was good or excellent in 121, often 
allowing resolution of vessels 1 mm in size. Thirty-six of the 80 
patients underwent cardiac evaluation with intracardiac injections 
imaged with digital subtraction angiography. Improved contrast res- 
olution with IA-DSA allowed the use of smaller catheters (3-4 French) 
and smaller amounts of contrast material injected. Immediate availa- 
bility of subtracted images (no film processing delay) resulted in 
shorter total procedure time. Outpatient studies are possible. The 
results support the use of IA-DSA in children. It has replaced standard 
film/screen arteriography in many institutions and in the future per- 
haps will replace cineangiocardiography for many pediatric applica- 
tions. IA-DSA provides good image quality, is safer, faster, and may 
afford less radiation than the conventional techniques. In the pediatric 
patient, IA-DSA has become an important imaging technique for both 
diagnostic and interventional procedures. 


Author Abstract 


Breast Imaging 


The use of diagnostic tests for screening and evaluating breast 
lesions. Health and Public Policy Committee, American College of 
Physicians (Philadelphia, PA) Ann Int Med 103:147-151, July 1985 


This position paper, developed for the Health and Public Policy 
Committee of the American College of Physicians, and adopted by 
that body in January of 1985, evaluates the various modalities used 
in a) screening for breast cancer, and b) evaluating palpable breast 
masses. Regarding screening mammography, the Committee con- 
curs with the American College of Radiology and the American Cancer 
Society's recommendations for annual or biennial routine screening 
for women 50 to 59 years of age. They felt that the current data are 
inadequate to support routine screening mammography in women 
40-49 years old, and also in women above 60 years of age. Instead 
they advise individual clinical judgement for each patient, based upon 
the presence or absence of risk factors for breast cancer, and the 
ease or difficulty of breast self-examination or physician breast ex- 
amination in each patient. Other methods (CT, sonography, thermog- 
raphy, and diaphanography) do not offer an improvement over mam- 
mography either in terms of accuracy or logistic ease, and are not 
recommended for screening asymptomatic women. In the evaluation 
of most breast masses, mammography or sonography, or both, and 
fine-needle aspiration can be used to decide whether to proceed with 
surgery. Such an approach can obviate the need for surgery in many 
cases. 


Reiley Kidd 
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Atlas for Maxillofacial Pantomographic Interpretation. By Alex G. Chomenko. Chicago: Quintessence, 296 pp., 


1985. $68 


In this enjoyable work the author thoroughly discusses the princi- 
ples, applications, and interpretation of maxillofacial pantomography. 
The book includes chapters on normal and abnormal standard pan- 
tomographs of the jaws, as well as on specialized views for the 
temporomandibular joints and maxillary sinuses. Its lucid prose is 
amply supplemented by numerous tables. Its more than ample illus- 
trations include clear, informative diagrams as well as radiographic 
reproductions of uniformly high quality. Specific points are highlighted 
and reinforced as they are presented by self-testing cases, a complete 
chapter of which also appears at the end of the book. Each chapter 
is well referenced. In short, there is little to criticize and much to 
praise in this volume. 

The work is based on a series of lectures given to resident dentists 
by the author, himself a professor of dentistry. In general, this 
background does not detract from the author's intent that the book 
should serve as a reference for a wider audience, including radiolo- 
gists. But it is clear that this is not an introduction to dental radiology. 
A number of lesions and surgical procedures that would not be 
familiar to most radiologists are discussed with little explanation. 
Further, although some aspects of differential diagnosis of jaw lesions 
are discussed, this is not a comprehensive treatise on the differential 
Clinical, pathologic, and radiologic characteristics of such abnormali- 
ties. Conversely, a few subjects are dealt with in a manner that | 
expect many radiologists would find repetitive. For example, although 
the author correctly and clearly emphasizes systematic radiographic 
analysis of jaw lesions, much of his discussion of this subject will 
remind radiologists of introductory texts on osteoradiology. 

A central theme and a major strength of this book is an emphasis 
on how to avoid certain pitfalls that can result in erroneous panto- 
mographic interpretation. This leads to discussions of a variety of 


subjects including differences among commercially available panto- 
mographic machines, normal anatomic variants, common pantomo- 
graphic artifacts, proper correlation of plain-film and pantomographic 
findings, means of correctly localizing lesions on pantomography, and 
evaluation of technical pantomographic errors. The treatment of this 
last subject was an unanticipated pleasure; it could serve as an 
excellent introduction or review of the manner in which various 
technical factors affect a final radiograph, and of how to correct 
technical errors. 

Throughout his book, the author compares pantomographs with 
various plain-film views, and details the relative merits and limitations 
of pantomography with respect to these views. No mention is made 
of more sophisticated imaging methods. However, this was a notice- 
able deficiency only in the chapters on temporomandibular joint 
assessment. Here, a mention of arthrography, CT, and MRI would 
have been appropriate. 

| found this book interesting and well written, but | doubt that many 
radiologists would find it to have enough long-term value to warrant 
its purchase. | strongly recommend it to those who perform and 
interpret a large number of pantomographs, or to those with a specific 
interest in radiology of the jaw. The book would also be an appropriate 
addition to the library of an academic radiology department, not only 
for its specific content but also because of its well-organized approach 
to more general aspects of radiology as they relate to pantomogra- 


phy. 


Albert A. Nemcek, Jr. 
University of California, San Diego School of Medicine 
San Diego, CA 92103 


Magnetic Resonance Imaging for Technologists 


Courses will be conducted on April 11-12, June 20-21, September 
19-20, and December 5-6 in Houston, TX. Baylor College of Medi- 
cine will present a nonmathematical course on the principles of MRI, 
including nuclear magnetism, relaxation times, and how pulse se- 
quence selection alters image appearance. Fee: $200. Evidence of 
Continuing Education credit: 16 hr. Information: Stewart C. Bushong, 
Sc.D., Baylor College of Medicine, Department of Radiology, One 
Baylor Plaza, Houston, TX 77030; (713) 799-4416. 


Radiology Section National Medical Association 
Annual Meeting 


The Annual Scientfic Meeting of the Section on Radiology of the 
National Medical Association will be held at the Marriott Marquis Hotel 
in New York City July 20-24 1986. Presentations will include Diag- 
nostic Radiology, induding MR, CT, Ultrasound, Nuclear Medicine, 
Radiation Therapy, Pediatric Radiology, and Socio-economic prob- 
lems. Faculty: GJ Tarleton as Allen Lecturer, H Perry, AL Goldson, 
CM Mansfield, AH Crawford LW Young, DL Reede, Cl Henschke, 
EM Mapp, EA Patterson, CE Baber, and 45 others. Category 1 credit: 
22> hr. Fee: $100 members $395 non-members. Also, the Section 
on Radiology will sponsor a Workshop on Magnetic Resonance 
Imaging on Sunday, July 20, 1986 at the Marriott Marquis Hotel in 
New York City. There will be presentations on MRI in cardiology, 
brain, radiotherapy and pedietrics. Faculty: LM Hinds, L Saint-Louis, 
J Saxton, and JA Smith. Category 1 credit: 3%. Fee: $35 for non- 
members (of section}; $10 for residents. Information for both events: 
A. Oestreich, M.D., Division of Radiology, Children’s Hospital Medical 
Center, Cincinnati, OH 45229-2899; (513) 559-4255. 


Diagnostic Imaging 


The Department of Radiclogy, Duke University Medical Center, 
Durham, NC will present a 5-day postgraduate course in diagnostic 
imaging July 28—Aug 1, 1985 in Atlantic Beach (Pine Knoll Shores), 
NC. The course is designed to update participants on newer imaging 
techniques in diagnostic radiology, including MRI, CT, nuclear medi- 
cine, digital subtraction angiography, and general radiology. Category 
1 credit: 18 hr. Fee: $350.0C ($250.00 for those in training) Informa- 
tion: Carl E. Ravin, M.D., P-ofessor and Chairman, Department of 
Radiology, Duke University Medical Center, P.O. Box 3808, Durham, 
NC 27710, (919) 681-5268. 


Pediatric Imaging: State of the Art 


Baylor College of Medicine, Department of Medicine and Texas 
Children’s Hospital, Houston, TX will sponsor a course: Pediatric 
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Imaging: State of the Art, Aug 3-6, 1986, at The Broadmoor, Colo- 
rado Springs, CO. Category 1 credit: 12 hr. Information: Lynne K. 
Tiras, Program Coordinator, Office of Continuing Education, Baylor 
College of Medicine, 1 Baylor Plaza, Houston, TX 77030 (713) 799- 
6020. 


International Symposium on Radiotherapy in 
Developing Countries 


The International Atomic Energy Agency and the World Health 
Organization are co-sponsoring a symposium in Vienna from Sept 1- 
5, 1986 that will focus on the present status and future trends in 
radiotherapy in developing countries. A wide range of topics will 
include: clinical approaches of conventional radiotherapy; technical 
problems associated with radiation therapy; recent radiobiologic con- 
cepts; modern dosimetry approaches and the role of computers; 
radiosensitizers and radioprotectors for combined treatment, com- 
bined radiotherapy and hyperthermia; gamma and neutron therapy; 
recent trends in electron beam supervoltage therapy; role of chemo- 
therapy as adjuvant to radiation; maintenance and care of radiother- 
apy machines in the developing countries; therapy with internally 
administered radionuclides; therapeutic use of monoclonal antibodies 
tagged with radioactive substances; and radiotherapy training in the 
developing world. 

Participation forms may be obtained from the IAEA, WHO, or the 
appropriate national authority (Ministry of Foreign Affairs or National 
Atomic Energy Authority). To receive them from IAEA, write to the 
Division of Conference Services, PO Box 100, A-1400 Vienna, Aus- 
tria. Completed forms should then be submitted to the national 
authority for transmission to the IAEA. Forms for submission of a 
paper also may be obtained from the above organizations. The 
deadline for receipt by the IAEA of the completed forms for submis- 
sion of a paper, and of six copies of an extended synopsis is Mar 28, 
1986. Information may be obtained from the symposium’s scientific 
secretary, Y. Skoropad, at the IAEA, Division of Life Sciences, PO 
Box 100, A-1400 Vienna, Austria. 


International Conference: Workshop on Blood 
Vessel Imaging 


The 2nd International Conference: Workshop on Blood Vesse 
Imaging using Ultrasound Techniques will be held in Southampton. 
U.K. on Sept 4 and 5, 1986. Scientific sessions will provide a forum 
for surgeons, radiologists, medical physicists, and engineers. Sub- 
jects will be extracranial and intracranial vasculature, fetal and neo- 
natal, venous, abdominal and lower limb, cardiac, physics, and instru- 
mentation. Plenary lecturers: DE Strandness, J Woodcock. Informa- 
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tion: Mr. K. N. Humphries, Scientific Director, Vascular Unit, Medical 
Physics Department, Level D, Centre Block, Southampton General 
Hospital, Southampton, S09 4XY United Kingdom. 


Musculoskeletal Disorders 


The 13th Annual Refresher Course of the International Skeletal 
Society will be held Sept 10-13, 1986. in Vancouver, BC, Canada, 
at The Hotel Vancouver. An interdisciplinary faculty of 72 radiologists, 
orthopedic surgeons, and pathologists will consider various aspects 
of bone and joint disease, including newer concepts and recent 
developments in the area of skeletal radiology, MRI, CT, arthrogra- 
phy, and bone scanning. Category 1 credit: 24 hr: Fee: $50 members; 
$400 non-members; $175 residents/fellows. Information: Ms Janice 
Ford, Convention Manager, International Skeletal Society, 39 Dunlin 
Way, Erial, NJ 08081 (215) 662-6904. 


Diagnostic Medical Ultrasound 


The American Institute of Ultrasound in Medicine (AIUM), will hold 
its annual meeting Sept 16-19, 1986, in Las Vegas, Nevada. Cate- 
gorical courses, scientific papers, evening discussions, meet the 
professor luncheons, works in progress, and special symposia will 
be included. Information: AIUM Convention Department, 4405 East- 
West Highway, Suite 504, Bethesda, MD 20814: (301) 656-6117. 


Gastrointestinal Imaging 


The Department of Diagnostic Radiology, Lahey Clinic Medical 
Center announces that the 20th Annual Symposium on Diagnostic 
Radiology entitled “Gastrointestinal Imaging” will be held Sept 18-20 
at the Marriott at Copley Place, Boston, MA. The course will stress 
the latest in gastrointestinal imaging. Category 1 credit: 19 hr; Fee: 
$300. Information: Francis J. Scholz, M.D.. Chairman, Department of 
Diagnostic Radiology, Lahey Clinic Medical Center, 41 Mall Road, 
P.O. Box 541, Burlington, MA 01805, (617) 273-8170. 


NEWS 
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Practical Aspects of Mammography 


Waterbury Hospital Health Center will sponsor a 2-day course with 
a practical orientation that is not modality restricted at the Hilton 
Hotel in New York City on Sept 20 and 21, 1986. Fee: $225.00. 
Category | credit: 9 hr. Information: Dr. Nancy Allen, Department of 
Radiology, Waterbury Hospital, Waterbury, CT 06721 (203) 573- 
7124. 


World Congress on Sarcoidosis and 
Granulomatous Disorders 


The XI World Congress on Sarcoidosis and other Granulomatous 
Disorders will be held in Milan, Italy, Sept. 6-11, 1987. Topics will 
include sarcoid granuloma formation-immunology, pathology from 
granuloma to fibrosis, Kveim Siltzbach Test, epidemiology, assess- 
ment of activity, functional impairment, clinical aspects, treatment, 
other granulomatous disorders. For each topic a $1000 prize, limited 
to authors under 35, will be provided. Commission will be formed by 
members of the Scientific Committee and by local organizers. Final 
call for abstracts: August, 1986, deadline January 14, 1987. Infor- 
mation Secretariat of the XI World Congress on Sarcoidosis, Con- 
gress Studio, Via Cappuccio 19, Milano, 20123. Italy, Tel. (02) 
806262, TLX 335061 OCRAM-1. 





AJR carries announcements of courses, symposia, and 
meetings of interest to its readers if received a minimum of 4 
months before the event. There is no charge; receipt of items 
by the AJR Editorial Office is not acknowledgec. Submit items 
for publication typed double spaced. Provide title, date, loca- 
tion, brief description, sponsor, course directors, fees, cate- 
gory I credit, and address and telephone number for additional 
information. Faculty from the host institution will not be listed. 
Guest faculty names will appear only if initials are provided. 
Mail news items to AJR Editorial Office, 2223 Avenida de la 
Playa, Suite 306, La Jolla, CA 92037. 











Classified Advertising 


Positions Available 


BOARD CERTIFIED diagnostic radiologist. All 
diagnostic modalities except MR. MR installa- 
tion planned in 12 years. Busy in-patient and 
out-patient practice. Salary necotiable and 
early partnership available. Send CV to Box 
C23, AJR (see address this section). 6xa 


RADIOLOGIST with interest in nuclear medi- 
cine. Assistant professor level. Requirements 
are ABR certification with either special compe- 
tence in nuclear medicine or ABNM certified. 
Position is in large Midwestern university, which 
needs to expand its Nuclear Medicine Division 
of radiology. Reply Box C26, AJR (see address 
this section). 6-7ap 


CHAIRMAN, DEPT. OF RADIOLOGY, San Jose 
Medical Group. Immediate availability. Quali- 
fied individuals will have graduated from a 
major U.S. medical school, and will have com- 
pleted an approved residency in radiology ina 
major academic center. Further qualifications 
will include expertise in conventional diagnos- 
tic radiology, ultrasonography, mammography, 
nuclear medicine, computerized axial tomog- 
raphy, and uroradiology. In addition to having 
expertise in these areas, qualified individuals 
will have sufficient managerial and executive 
capability to accomplish the establishment of 
many of these new services. Qualified appli- 
cants will also have the ability to direct the 
establishment of basic radiologic facilities ina 
network of family practice sites inthe commun- 
ity. Compensation will be a salary based on 
qualification and experience, unt | the first Jan. 
1 after at least 12 months of employment. Then 
the chairman will be eligible for consideration 
for membership in the corporation and senior 
physician status following approval by the 
board of directors. Accompanying the salary 
will be a liberal fringe benefit package. Send 
applications to Recruitment Director, San Jose 
Medical Group, 45 S. 17th St., San Jose, CA 
95112. The application should include an up- 
dated curriculum vitae, and an accompanying 
letter describing the applicants mterest in and 
experience for a substantial leacership oppor- 
tunity. Applicants who meet these requirements 
will be further contacted and invited for inter- 
views. 6-8a 


NEURORADIOLOGY/NMRI. Private clinic seeks 
board certified radiologist with MRI experience 
to oversee and direct diagnostic center. Excel- 
lent salary and recreational activities. Reply: 
P.O. Box 292527, Davie. FL 33324. 6-10ap 


DIAGNOSTIC RADIOLOGIST—Board certi- 
fied with expertise in mammography, breast 
ultrasound, and pelvic and obstetric ultrasound; 
outpatient setting in suburban Washington, DC 
area. Salary negotiable and commensurate with 
experience. Reply with CV to George D. Schor, 
M.D., S.G.R.C., P.O. Box 2216, Gaithersburg, 
MD:20879. 6a 


DIRECTOR, PEDIATRIC RADIOLOGY. Candi- 
dates sought by Dept. of Radiology, St. Louis 
University School of Medicine and the Cardinal 
Glennon Children’s Hospital. Successful can- 
didate must be board certified in radiology with 
subspecialization in pediatric radiology. A 
record of academic acnievemeat and admini- 
strative ability must be present. Salary will be 
competitive and depencent upon academic rank 
which will be at the level of associate or full 
professor. Send curriculum vitae to: John B. 
Shields, M.D., Chairmam, Dept. of Radiology, St. 
Louis University Medical Ctr., 1325 S. Grand St., 
St. Louis, MO 63104. St. Louis University is an 
Equal Opportunity Employer. 5-8a 
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RADIOLOGIST—For a practice in the sunny 
Shuswap at Salmon Arm, B.C., northern gate- 
way to the Okanagan Valley. This practice 
includes general radiology and ultrasound. 
Based in Salmon Arm, the practice includes two 
other smaller hospitals, with a total service pop- 
ulation of 40,000. Part-time relief service is 
available in the community and through other 
groups in the area. Direct applications or inquir- 
ies to: The Administrator, Shuswap Lake Gen- 
eral Hospital, Box 520, Salmon Arm, B.C., Can- 
ada VOE 2TO. 6-8a 


ANGIOGRAPHY/INTERVENTIONAL radiology 
faculty position, Dept. of Radiology, Case 
Western Reserve University. Applications in- 
vited from qualified radiologists. Candidates 
should be board certified or eligible, preferably 
with fellowship experience. Appointment will be 
to a tenure track position at assistant or asso- 
ciate professor level, depending on qualifica- 
tions. The successful candidate will participate 
in an active clinical service and have responsi- 
bility for developing and introducing new tech- 
niques. Fully equipped, modern department 
with anew 2-room angiography suite. Excellent 
opportunities for collaborative and individual 
research, medical student and resident teach- 
ing, and professional development. Inquiries to: 
E.M. Bellon, M.D, Director, Dept. of Radiology, 
Cleveland Metropolitan General/Highland View 
Hospital, 3395 Scranton Road, Cleveland, OH 
44109. (216) 459-4020. Case Western Reserve 
University is an Equal Opportunity Employer. 
6-8a 

CHIEF, RADIOLOGY SERVICE. Full-time posi- 
tion immediately available for board certified 
radiologist in university affiliated VA Medical 
Center. Faculty appointment assured. Excellent 
salary and fringe benefits. Send CV to Chief, 
Personnel Service (05), VA Medical Center, 
4100 W. Third St., Dayton, OH 45428, or call 
(513) 268-6511, ext. 2506. An Equal Opportunity 
Employer. 6-8a 


RADIOLOGIST—A rapidly expanding pre-paid 
health plan is seeking a board eligible/certified 
radiologist to join current radiologist in provid- 
ing services within our multi-specialty group. 
Modern intensively-equipped facilities, growing 
radiology demands. We will provide quality 
support staff, benefits, and incentive programs. 
Please send CV to: HealthAmerica, 5701 W. 
Sunrise Blvd., Plantation, FL 33313 or call Fran- 
ces Grant, Medical Staff Coordinator (305) 581- 
5008, ext. 323. Equal Opportunity Employer. 
5-8ap 


AMERICAN-TRAINED RADIOLOGIST to work 
in salaried position in6-member, multispecialty 
group radiology practice in office and hospital 
setting in metropolitan New York area. Reply 
Box K10 AJR (see address this section). 3xa 


BOARD CERTIFIED RADIOLOGIST(S) needed 
for rapidly growing comprehensive outpatient 
diagnostic imaging center located in a major 
Southeastern metropolitan city. All imaging 
modalities, including outpatient angiography 
and fine needle aspiration biopsies are per- 
formed, with the exception of MRI (which is 
anticipated within 12-18 months.) Fellowship 
training in MRI would be helpful. Physician 
couples are encouraged. Please enclose CV 
with initial inquiry. Respond Box A5 AJR (see 
address this section). 4-7a 


PEDIATRIC RADIOLOGIST. Opening in July 
1986 in large metropolitan hospital with large 
pediatric and neonatal practice. Practice in- 
cludes CT, MRI, and angio. Call or write Randy 
Greene, M.D., Emanuel Hospital, 2801 N. Gan- 
tenbein, Portland, OR 97227-1674; (503) 280- 
4032. 5-6a 


PEDIATRIC RADIOLOGIST—Faculty appoint- 
ment available for a trained pediatric radiologist 
in the Dept. of Radiology and Radiological 
Sciences at Vanderbilt University Medical Ctr. 
as of July 1, 1986. Send curriculum vitae to 
Richard M. Heller, M.D., Dept. of Radiology and 
Radiological Sciences, Vanderbilt University 
Medical Ctr., Nashville, TN 37232. 5-6a 


NEURORADIOLOGIST. Dept. of Radiology, 
University of Minnesota, has a tenure position 
for a neuroradiologist at the rank of assistant 
professor, associate professor, or professor 
beginning July 1, 1986. At the assistant profes- 
sor level, minimum requirements are board cer- 
tification in radiology, a 3-year accredited radi- 
ology residency, and a minimum of 1-year 
postresidency fellowship training in neuroradi- 
ology. Appointment at the rank of associate pro- 
fessor requires a minimum of 4 years postresid- 
ency experience and a demonstrated record of 
research, publication, and teaching in addition 
to the other qualifications listed for assistant 
professor status. Appointment at the rank of 
professor requires a minimum of 6 years postre- 
sidency experience and a demonstrated record 
of research, publication, and teaching in addi- 
tion to the other qualifications listed for assist- 
ant professor status. Successful candidate must 
be a member of the American Society of Neuro- 
radiology. Radiologist will be responsible for 
working in neuroradiology section requiring 
expertise in all facets of neuroradiology, digital 
subtraction angiography, interventional radiol- 
ogy. computed tomography, and magnetic 
resonance imagimg. Responsibilities also in- 
clude graduate and undergraduate medical in- 
struction in clinical neuroradiology, including 
postresidency trainees. Research performance 
will be strongly encouraged and evaluated. 
Salary is negotiable and competitive, and is 
dependent upon past scholarly productivity and 
post-M.D. experience. Applications for this 
position will be accepted through May 31, 1986. 
Send letters to: Dr. Dean Elias, Dept. of Radiol- 
ogy, University of Minnesota Medical School, 
Minneapolis, MN 55455. The University of 
Minnesota is an equal opportunity educator and 
employer and specifically invites and encour- 
ages applications from women and minorities. 
6a 


ACADEMIC INTERVENTIONAL radiologist for 
rank of instructor or assistant professor com- 
mensurate with qualifications. Respomsibilities 
include all aspects of ang ography, venography, 
lymphography, interventional, therapeutic pro- 
cedures, teaching, and some administrative 
duties. Requirements include fellowship train- 
ing in an acceptable program, board certifica- 
tion in diagnostic radiology, and ful! medical 
license in Massachusetts. Contact Victor G. Mil- 
lan, M.D., Tufts New England Medical Center 
Hospitals, 171 Harrison Ave., Box 253, Boston, 
MA 02111; phone (617) 956-5963, 5-6a 


RADIOLOGIST—VA Medical Center, Tuskegee, 
Alabama, an 831-bed general medical facility, 
affiliated with Morehouse School of Medicine in 
Atlanta, Georgia, has immeciate need for a 
radiologist. Experience in nuclear medicine, 
arteriography, ultrasound and CT desirable. 
Board certification is mandatory. Lecated in 
East Central Alabama, good climate, mild win- 
ters with abundance of recreational and educa- 
tional opportunities. Salary, including special 
physician's pay, $70,000-$87 ,000/year, with lib- 
eral fringe benefits package. Equal opportunity 
employer. Call 205-727-0550, extensicn 3645, 
or write: Chief of Staff, VA Medical Center, Tus- 
kegee, AL 36083 5-8a 


1328 


RADIOLOGIST: Part-time. Nice, small well- 
located North Carolina town. Join 2 in active 
hospital-based, service-oriented practice. Gen- 
eral DX, NM, US, CT—no arteriography. Reply 
with CV to Box B2 AJR (see address this sec- 
tion. 5-6a 


ISRAEL, DIAGNOSTIC RADIOLOGY. Oppor- 
tunities for 3-4 week or longer working vaca- 
tions ina number of Israeli medical centers, ona 
volunteer basis. Positions varied. arrangements 
flexible. For information contact: Jonathan H. 
Fish, M.D., 1844 San Miguel Dr., #302, Walnut 
Creek, CA 94596: (415) 947-0560. 2-7a 


Positions Desired 


AMERICAN with 1-year internal medicine, 2 
years diagnostic radiology, seeks first, second. 
or third year position in diagnostic radiology for 
1986, 1987, or 1988. ECFMG 83 and have FLEX. 
Reply Box C28, AJR (see address this section). 
6b 


BOARD CERTIFIED DIAGNOSTIC radiologist. 
Have completed 3 formal postgraduate fellow- 
ships in nuclear medicine, CT/US, and neuro- 
radiology/MR. Extensive practical angiography 
experience. Flexible starting date. Reply Box K4 
AJR (see address this section). 3-6b 


Fellowships and Residencies 


VISCERAL IMAGING and Interventional Radi- 
ology fellowship. 3 positions available to begin 
July 1987. 612-bed teaching hospital. Fellows 
will be actively involved in diagnostic CT and 
ultrasound. Fellows will also Participate in all 
vascular and nonvascular procedures including 
angioplasties, biliary, GU, biopsies, abscess 
drainages, and angiography. Send inquiries to 
Harvey L. Neiman, M.D., Chairman. Dept. of 
Radiology, The Western Pennsylvania Hospital, 
4800 Friendship Ave., Pittsburgh, PA 15224. 
6-8a 


FELLOWSHIP in Diagnostic Imaging at Rhode 
Island Hospital to begin July 1987. Rhode Island 
Hospital is the major affiliate of Brown Univer- 
sity Medical School. The radiology staff serves 
this 715-bed general hospital and a 200-bed 
lying-in hospital. Over 148,000 examinations 
are performed yearly in the Radiographic De- 
partment. All imaging modalities are integrated 
into this busy and diverse service. The fellow- 
ship will emphasize ultrasonography and com- 
puted tomography. Requirements include com- 
pletion of an accredited radiology training 
program. Send inquiries to Daniel J. Hanson. 
M.D., Radiologist-in-Chief, Dept. of Diagnostic 
Radiology, Rhode Island Hospital, 593 Eddy St., 
Providence, R.I. 02902. 6-7cp 


CARDIOVASCULAR/INTERVENTIONAL Ra- 
diology Fellowship. Thomas Jefferson Univer- 
sity Hospital announces a new fellowship pro- 
gram combining training in cardiac, vascular. 
and interventional radiology. 1- and 2-year posi- 
tions are available beginning July 1, 1987. The 
1-year program offers intensive clinical expe- 
rience in general angiography, coronary angio- 
graphy, and interventional procedures. The 2- 
year program emphasizes additional experience 
in interventional techniques and cardiac imag- 
ing, and provides time for research. Applicants 
should be board certified or eligible. Contact 
David C. Levin, M.D., or Geoffrey A. Gardiner, 
Jr., M.D. at: Dept. of Radiology, Thomas Jeffer- 
son University Hospital, Philadelphia, PA 19107. 
6-8c 


CLASSIFIED ADVERTISING 


NMR VISITING FELLOWSHIPS in Northern 
California. Intensive structured 1-6 week 
courses in Clinical magnetic resonance with 
emphasis on CNS imaging. Integrated live in- 
Struction with 20 hr of dual projection slide 
presentations in week 1, extensive teaching file 
(600 cases), and updated videotape library. Cer- 
tificate awarded on completion. References 
from prior fellows available. For further informa- 
tion contact: Murray A. Solomon. M.D., San 
Jose MRI Center, 361 S. Monroe St.. San Jose, 
CA 95128. 6-11cp 


Tutorials/Courses 


11th ANNUAL INTERNATIONAL BODY Imag- 
ing Conference, Kauai, Hawaii, Oct. 19-23, 
1986. Diagnostic medical imaging, CME Cate- 
gory l accreditation. Information: Body Imaging 
Conference, 21915 Roscoe Blvd., Suite #222, 
Canoga Park, CA 91304; telephone (818) 701- 
5143. 5-10d 


ALASKA ‘86—Cruise the Inland Passage, July 
5-12, 1986. CME | credit. Topics in ultrasound 
with Barry B. Goldberg, M.D. Registration U.S. 
$385 until April 12, after U.S. $425. For addi- 
tional information write or call ALASKA ‘86— 
Medical Seminars International. 21915 Roscoe 
Blvd., #222, Canoga Park, CA 91304; (800) 
MED-TOUR or (818) 701-5143. 1-6d 


JERUSALEM, ISRAEL—Uitrasound Symposi- 
um, June 20-29, 1986. Category | CME program 
presented in cooperation with the Israeli Ultra- 
sound Society by an International faculty. Fee 
to April 1986: U.S. $425, thereafter U.S. $460. 
Information: Medical Seminars International, 
21915 Roscoe Blvd., #222. Canoga Park, CA 
91304; (800) MED-TOUR or (818) 340-0580, ext. 
280. 1-6d 


LONDON, ENGLAND—PARIS, FRANCE. Sec- 
ond Annual Fall Ultrasound Symposia. Sept. 
20-28, 1986. Attend 1 or both symposia. Cate- 
gory | credit. Renowned faculty. Fee: U.S. $395 
before July 18; U.S. $450 thereafter. Combined 
fee: U.S. $450 before July 18: U.S. $495 there- 
after. Reduced fees for interns. residents, and 
technicians. Information: Medical Seminars 
International, 21915 Roscoe Blvd., Suite #222 
Canoga Park, CA 91304: (800) MED-TOUR 
(Outside California) or (818) 701-5143. 4-9d 
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THE UNIVERSITY OF MINNESOTA, Dept. of 
Radiology will present its 49th Annual Continu- 
ation Course, Sept. 8-12, 1986 in Minneapolis. 
23 guest faculty will Participate in this 5-day, 
comprehensive review. This year’s subject, 
Gastrointestinal and Abdominal Imaging and 
Intervention, will include topics devoted to 
Stressing both conventional diagnostic tech- 
niques and advanced imaging modalities in- 
cluding nuclear, computed tomography, and 
magnetic resonance seanning. There will be 
strong emphasis on interventional! techniques 
in the abdomen including biopsy and drainage 
and biliary, angiographic and enteric proce- 
dures. In addition, 1 day will be set aside for 
prospective presentations in all Subspecialty 
areas of radiology by the leaders in the field. 
Registration fee: $450 (inquire about reduced 
fee for medical fellows, military personnel, and 
VA physicians). 28 hr Category 1 credit. For 
information contact: Audrey Chan, Registrar, 
Continuing Medical Education. University of 
Minnesota, Box 202, 420 Delaware St. S.E.. 
Minneapolis, MN 55455: (612) 626-5525. 5-7d 


Other 


REALIZE THE VALUE ofyour practice. A group 
of successful and well-qualified radiologists is 
interested in acquiring established radiology 
practices. Hospital contacts. clinicians, and pri- 
vate office settings are desired. Opportunity for 
radiologists considering retirement or reduc- 
tion in practice activities to Capitalize on the 
value of the practice they have built up during 
their careers. Alleviate the problems of profes- 
sional recruitment or administrative pressures. 
Practices considered throughout the country. 
Flexible purchase options with Opportunity for 
continuing relationship arrangements. Write 
Box C49, AJR, Suite 306, 2223 Avenida de la 
Playa, La Jolla, CA 92037. 6-5e 


AJR Classified Advertising Information 


Box Responses and Address for Ad Placement 


Write Box 
459-2229. 


How to Place an Ad 


, AJR, Suite 306, Avenida de la Playa, La Jolla, CA 92037: (619) 


AJR accepts classified advertising for Positions Available, Positions Desired, 
Fellowships and Residencies. and Tutorials/Courses. Ads are accepted by mail or 
telephone. Institutions should Supply purchase orders. 

Rates. $6.00/line with a $30 minimum charge. Box service is $10 additional for 
each month the ad appears. There are discounts for multiple insertians: 10% for 2-3 
insertions; 20% for 4 or more. To estimate lines, count all words and divide by 5.5. 

Billing: Ads may be prepaid or invoices will be sent after the ad appears. 

Deadlines. About 3 weeks before the issue mails. AJR issues mail in the middle of 
the month preceding the cover date (e.g., July mails June 17). For specific dead- 
lines, write or telephone the AJR editorial office. 
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146:1 . 
neurological manifestations of (a), 146:1106 
Adenoid cystic carcinoma, trachea, CT, 146:1129 
Adenoma, see specific organ 
Adrenal gland 
Cushing syndrome, CT, 146:1235 
malignant and benign masses, CT discriminators 
of (I), 146:1316 


Aerodigestive tract, multiple primary epidermoid 
carcinoma (a), 146:1320 
Airway obstruction, nonfixed, cine CT, 146:669 
American Roentgen Ray Society 
case of day: 1986, 146:626, 146:1073 
1986 meeting, Washington, DC, 146:181, 
146:340, 146:618, 146:740 
1986 scientific program, 146:183 
section on instructions: courses and symposium, 
146:189 
Amyl nitrite test, radiologic, pseudoachalasia dis- 
tinguished from idiopathic achalasia, 146:21 
Anatomy, sectional human (b), 146:940 
Anderson-Carr progression, sonographic demon- 
stration, 146:1253 
Anechoic crescent, abdominal aortic aneurysm, 
146:345 
Aneurysm 
see also specific artery; Aorta; Heart 
abdominal aortic 
anechoic crescent in, 146:345 
CT evaluation of, 146:711 
presentation as a pulmonary mass, 146:155 
chronic posttraumatic, thoracic aorta, 146:303 
dissecting, circumflex retroesophageal right aor- 
tic arch simulation of, 146:491 
natural history of (a), 146:653 
Angiography 
see also specific organ; artery; vein 
coronary, power injector, 146:831 
gastrointestinal hemorrhage, 146:1031 
interventional considerations, liver transplanta- 
tion, 146:143 
occlusion balloons, removal of bile duct stones, 
146:383 
portal vein thrombosis, liver cirrhosis (a), 146:427 
primary central nervous system lymphoma, 
146:271 
Takayasu's arteritis, 146:949 
thoracic aortic aneurysms, 146:309 
transluminal angioplasty, aortic narrowing (a), 
146:178 
Angiography, digital subtraction 
crossed-leg technique, 146:843 
intraarterial 
cerebral ischemia (a), 146:430 
thoracic aortic rupture, 146:987 
pediatric (a), 146:1323 
rapid-sequence, intracranial circulation, 146:1239 
surgically implantable pump-catheter systems, 
146:839 
transbrachial approach, 146:649 
Angioma, see specific organ 
Angiomyolipoma, renal, abdominal case of day, 
146:1078 
Angioplasty 


brachiocephalic, washout technique for, 146:849 
femoral artery, superficial, 146:1025 
percutaneous transluminal 
aortic rupture and, 146:373 
balloon catheter for (I), #46:1101 
lower abdominal aorta, 146:369 
renal transplant arterial stenosis, 146:853 
transluminal, complete iliac obstructions, 
146:859 
Ankle, CT scanning, 146:1192, 146:1204 
Aorta 
abdominal 
aneurysm, anechoic crescent in, 146:345 
aneurysm presenting as pulmonary mass, 
146:155 
percutaneous 
146:369 
ascending, laceration (I), 146:422 
coarctation, mediastinal collateral 
146:757 
dissection 
detection of intimal flap. unenhanced CT im- 
ages, 146:601 
MRI of, 146:1286 
narrowing, transluminal angioplasty of (a), 
146:178 
rupture 
retroperitoneum (I), 146:421 
transluminal angioplasty and, 146:373 
thoracic, rupture, intraarterial digital subtraction 
angiography, 146:987 
thoracic aneurysm 
clinical and radiographic findings, 146:303 
MRI, 146:309 
thrombosis, umbilical artery catheterization, 
146:619 
Aortic arch, circumflex retroesophageal right, sim- 
ulating mediastinal tumor or dissecting aneu- 
rysm, 146:491 
Aortic stenosis, calcific, echocardiographic (a), 
146:650 
Aortitis, clinical, pathologic and radiologic aspects 
(b), 146:1276 
Aortography, see Angiography; Aorta 
Aortoiliac compression, neonatal, distended blad- 
der, sonography, 146:7 273 
Aortoiliac disease, assessment, hemodynamic 
measures (a), 146:1322 
Appendectomy, nonsurgical drainage of ab- 
scesses and, 146:587 
Appendix, coiled spring sign of the cecum, acute 
appendicitis, 146:45 
Arachnoid cyst 
intradural, neuroradiology case of day, 146:1095 
sacrum, MRI, 146:359 


transluminal angioplasty, 


arteries, 
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Areae gastricae, delineation of, barium Suspension 
viscosity and, 146:35 
Arterial calcification, idiopathic, sonographic rec- 
ognition, 146:249 
Arterial disease, lower extremity, young adults (a), 
146:1322 
Arteriography, femoral, retroperitoneal hemor- 
rhage, CT evaluation, 146:1289 
Arterioportal shunt, CT features of, hepatocellular 
carcinoma, 146:723 
Arterior venous fistula, iatrogenic, percutaneous 
management (a), 146:885 
Arteriovenous malformation 
see also organ; region 
brain, natural history of (a), 146:1107 
ileal, coil embolization, 146:787 
intraosseous, embolization of, 146:785 
natural history of (a), 146:653 
symptomatic, serial embolizations of, 146:1038 
Artery 
see also specific artery; organ; region 
ischemia, lower limbs, 146:157 
Arthrography 
see also specific joint 
apophyseal joint (a), 146:652 
aspiration and, negative bone scans after, ex- 
perimental studies, 146:87 
CT, capsular structures of shoulder, 146:361 
knee locking and unlocking, 146:575 
midcarpal wrist (I), 146:645 
temporomandibular joint (a), 146:1104 
Aspirin, serpiginous gastric erosions caused by, 
146:31 
Asterisk sign, ischemic necrosis, femoral head (a), 
146:652 
Atelectasis 
round (a), 146:176 
subpulmonic pleural effusions and, CT value in, 


146:685 

Atheromatous placques, laser effects on (a), 
146:1106 

Atlantoaxial instability, | Down syndrome, 
146:1269 


Atrium, see Heart 


Bacterial meningitis, recurrent, CT (a), 146:1108 
Baltaxe, Harold A. (m), 146:604 
Barium sulfate 
double-contrast, 
146:697 
multifocal abnormalities in gastrointestinal tract, 
acquired immune deficiency syndrome, 
146:7 
single- vs double-contrast, 
146:993 
Suspension viscosity, delineation of areae gastri- 
cae and, 146:35 
Suspension viscosity (I), 146:1317 
Bile acid, malabsorption (a), 146:428 
Bile duct 
cholangitis, sclerosing, hepatic arterial FUDR 
chemotherapy, 146:717 
dilatation, immunodeficiency and, children (a), 
146:432 
obstruction, floating gallstones, without added 
contrast material, 146:49 
removal of stones, angiographic occlusion bal- 
loons, 146:383 
Stones, optimal cholangiographic technique, 
146:537 
varices (a), 146:1321 
Biliary drainage, complications of, malignant 
pleural effusion, 146:1165 
Biliary tract, percutaneous drainage, pain control 
after, 146:595 
Biopsy 
see also specific organ 
CT-guided, body stereotaxis, 146:163 


hemoccult screening and, 


colonic polyps, 
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endoscopic, MRI and, Egyptian mummies, 


146:93 

Bladder 

carcinoma, MRI-CT-surgical correlation, 
146:1179 

distended, neonatal aortoiliac compression 


Caused by, 146:1273 
Blastomycosis, adult respiratory distress syn- 
drome and, chest case of day, 146:1085 
Blood, MRI appearance of, 146:1293 
Blood flow, MRI spin-echo, 146:931 
Blood pool, radionuclide venography, 146:1051 
Bone 
see also specific bone 
density, spinal and hip fractures (a), 146:1104 
negative scans, after aspiration (I), 146:1100 
neoplasm, renal tumors of childhood that metas- 
tasize to, clear cell sarcoma, 146:64 
percutaneous trephine biopsy, thoracic spine (a), 
146:1103 
tumors 
diagnosis (b), 146:1046 
primary and soft tissue, MRI and CT, 146:749 
radiology in (a), 146:1104 
Bone, radionuclide imaging 
hepatic metastases from colonic Carcinoma, 
*°"TC-HMDP in, 146:333 
negative scans after aspiration or arthrography, 
experimental studies, 146:87 
Bone marrow 
malignant infiltration, MRI detection of, 146:353 
transplantation 
esophageal infections after (a), 146:427 
gastrointestinal inflammation after, CT, 
146:691 
Book reviews 
aortitis: clinical, pathologic and radiologic as- 
pects, 146:1276 
atlas for maxillofacial pantomographic interpre- 
tation, 146:1324 
bockus gastroenterology, 146:294 
computed tomography and magnetic resonance 
imaging of the head and neck, 146:518 
computer assisted radiology. Computergestitzte 
radiologie, 146:484 
consultation in diagnostic imaging. medical con- 
Sultation series, 146:986 
diagnostic cardiology, 146:44 
diagnostic imaging in clinical medicine, 146:216 
diagnostic imaging in hemophilia: musculoskel- 
etal and other hemorrhagic complications, 
146:80 
diagnostic imaging in ophthalmology, 146:1282 
differential diagnosis of soft tissue and bone tu- 
mors, 146:1046 
digital cardiac imaging, 146:484 
essentials of radiology physics, 146:518 
handbook of physics for radiologists and radiog- 
raphers, 146:678 
handbook of radioactivity measurements proce- 
dures, 146:532 
information processing in medical imaging, 
146:476 
joints and vertebral connections clinical radiology, 
146:1268 
lung cancer, 146:774 
metabolism of the human brain studied with pos- 
itron emission tomography, 146:690 
myelofibrosis, 146:30 
noninvasive diagnostic techniques in vascular 
disease, 146:30 
nuclear medicine annual 1985, 146:294 
oncologic imaging, 146:1140 
pediatric magnetic resonance imaging, 146:1140 
pediatric ultrasonography, 146:1282 
pocket atlas of normal ultrasound anatomy, 
146:690 
practice enhancement, 146:716 
proceedings of the Eighth Conference on Com- 
puter Applications in Radiology, 146:248 
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progress in medical radiation physics, 146:24 
radiation oncology: a handbook for residents and 
the allied health professions, 146:970 
radiodiagnosis of the skull. 146:476 
radioisotope studies in Cardiology, 146:1010 
radiologic clinics of North America: symposium 
on digital radiography, 146:86 
radiological physicists, 146:678 
radiology of the spine tumors, 146:1030 
radiology today, 146:940 
recent developments in digital imaging, 146:248 
roentgen signs in diagnostic imaging, 146:238 
sectional human anatomy, 146:940 
self assessment in radiology and imaging 2. gas- 
trointestinal radiology, 146:1276 
self assessment in radiology 1. ear, nose and 
throat, 146:1276 
sensitivity and specificity of common scinti- 
graphic procedures, 146:716 
thyroid and parathyroid imaging, 146:1010 
World Health Organization basic radiological sys- 
tem. Manual of radiographic interpretation 
for general practitioners, 146:80 
x-ray imaging equipment, 146:232 
x-rays: health effects of common exams, 146:774 
Brain 
abscesses, indium-111 leukocyte scans (a), 
146:885 
aging and (a), 146:1107 
arteriovenous malformation (a), 146:1107 
chemotherapy supraophthalmic carotid infu- 
sion (a), 146:653 
glucose utilization, aging and (a), 146:430 
positron emission tomography (b), 146:690 
torcular Herophili, sonographic appearance of, 
146:109 
torulosis, CT (a), 146:652 
Brain, ultrasound 
compressed and asymmetric lateral ventricles. 
neonate, 146:471 
periventricular stereotaxis (a), 146:178 
torcular Herophili, 146:109 
Brain tumor, surrounding oedematous tissue and, 
measurements (a), 146:430 
Breast 
carcinoma 
diaphanography in (a), 146:431 
internal mammary lymphoscintigraphy (a), 
146:431 
disease 
male, mammography, 746:127 
MRI in diagnosis, 146:719 
images, high-contrast mammography with a mov- 
ing grid, 146:1137 
lesions, diagnostic tests for (a), 146:1323 
neoplasm 
metastasis to intramammary lymph nodes, 
146:133 
nonpalpable, 
146:661 
Bronchopulmonary foregut, congenital malforma- 
tions, 146:227 
Bronchus, solid mediastinal cyst, mineralogic analy- 
SiS, 146:73 
Budd-Chiari syndrome, see Liver 
Bupivacaine, pain control, after percutaneous bili- 
ary drainage, 146:595 


mammaeagraphic features of, 


C 


Calcaneus, fractures, CT (I), 146:644 
Calcification 
see also specific organ; region 
arterial, idiopathic, somographic 
146:249 
dystrophic, umbilical artery, children (a), 146:654 
intracranial, chronic lead exposure, CT findings, 
146:267 
midline cerebral, cause of (a), 146:1108 
Cancer, see specific organ: region 
Cardiology, diagnostic (b), 146:44 


recognition, 
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Cardiovascular shunt, cardiovascular lesions, MRI 
estimation of pulmonary vascular resistance, 
146:919 

Carotid artery, plaque, sonographic characteriza- 
tion of, 146:1061 

Carotid body, bifurcation, incremental dynamic CT, 
146:465 

Carotid placque, asymptomatic (a), 146:1322 

Carpal tunnel syndrome, idiopathic, plate ther- 
mography in (a), 146:1106 

Carpus, see Wrist 

Case of day 

abdominal, 146:631, 146:1074 
chest, 146:627, 146:1080 
musculoskeletal, 146:634, 146:1087 
neuroradiological, 146:634, 146 1094 
Catheterization 
see also organ; blood vessel 
arterial 
complications arising from, neonates (a), 
146:655 
entry site determination (I), 145:175, 146:1101 
Cope-style drainage catheter, 146:169 
Cope-style loop retention, replacing broken su- 
ture in, 146:590 
impending perforation, superior vena cava, radi- 
ographic recognition of, 14€:487 
intractable pericatheter leakage, Hollister disk 
and bag system for, 146:869 
kinked, radiographic appearance, 146:789 
nonsurgical drainage, appendiceal abscesses, 
146:587 
percutaneous drainage, transrectal pelvic ab- 
scess, sonographic guidance, 146:1047 


percutaneous transluminal angioplasty (l), 
146:1101 

pump-catheter systems, surgically implantable, 
146:839 


retrograde ureteral, via the ileal conduit, 146:61 
transhepatic biliary drainage, complications of, 
146:1165 
umbilical artery, evaluation of neonatal aortic 
thrombosis, 146:619 
Caudal regression syndrome, abdominal case of 
day, 146:1074 
Cavernous sinus 
clinical syndrome, CT diagnosis (3), 146:885 
invasion by pituitary adenoma, CT and MRI signs, 
146:257 
Cavum septi pellucidi, hemorrhace and cyst de- 
velopment in (a), 146:888 
Cecum, see Colon 
Central nervous system 
primary lymphoma, 
146:271 
ventricular fluid from, coxsackievirus group B 
antibodies from (a), 146:179 
Cerebral artery, see Brain; specific artery 
Cerebral hypoperfusion, focal, dysphasia or atten- 
tion deficit disorder, children `a), 146:655 
Cerebral ischemia, intraarterial digi-al angiography 
(a), 146:430 
Cerebral palsy 
see also body part 
athetoid-dystonic, cervical spondylotic radiculo- 
myelopathy in (a), 146:178 
spastic, hip changes in, 146:1219 
Cerebral vein, see Brain 
Cerebrospinal fluid, rhinorrhea, metrizamide CT 
cisternography (a), 146:885 
Chemical shift, imaging, 146:971 
Chemonucleolysis, septic complications of (a), 
146:1107 | 
Chemotherapy 
see also specific drug; organ 
advanced seminoma, CT evaluaticn of, 146:745 
hepatic arterial FUDR, sclerosing sholangitis as- 
sociated with, 146:717 
intraarterial, short-term flow occlusion in, 
146:375 


radiographic findings, 
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residual masses after, testicular carcinoma, 
146:1184 
Chest, see Thorax 
Cholangiography, optimal technique, bile duct 
stones, 146:537 
Cholangiohepatitis, oriental, diagnostic imaging 
and management, 146:327 
Cholangitis, see Bile duct 
Cholecystitis, see Gallbladder 
Cholecystography 
cholecystokinetic (a), 146:651 
oral, gallbladder function (a), 146:651 
Cholecystostomy, percutaneous, gallstone disso- 
lution, methyl-tert-butyl ether, 146:865 
Cholestasis, total parenteral nutrition (a), 146:1102 
Chondroblastoma, review (a), 146:652 
Chondroma 
see also specific organ 
cricoid cartilage, neuroradiology case of day, 
146:1096 
Chron’s disease, recurrence after surgery (a), 
146:177 
Cirrhosis 
regenerating nodules in, sonography, 146:533 
splenorenal shunts, postoperative assessment 
with MRI, 146:597 
Colitis, see Colon 
Colon 
coiled spring sign of the cecum, acute appendi- 
citis, 146:45 
colorectal carcinoma 
floxuridine therapy, small-bowel toxicity due to, 
146:39 
hepatic metastases from, 146:333 
simulation of, ischemia and (a), 146:176 
diminutive polyps, radiographic detection (e), 
146:875 
megacolon, idiopathic, radiologic definition (a), 
146:651 
microcolon, premature infant, 146:239 
polyps, single-contrast vs double-contrast barium 
enema, 146:993 
volvulus (a), 146:1321 
Colorectal cancer 
adenomas, prognostic factors (a), 146:427 
Dukes’ C class of (a), 146:1321 
multiple, comparison in ulcerative colitis, familial 
polyposis coli, and de novo cancer (a), 
146:1320 
preoperative imaging (a), 146:1320 
Column of Bertin, hypertrophied, sonography of, 
146:53 
Computed tomography 
see also specific type; organ 
Achilles tendon (a), 146:1104 
advanced seminoma, chemotherapy treatment 
and, 146:745 
AIDS, cytomegalic inclusion virus encephalitis 
with, 146:1229 
angio- (a), 146:433 
body stereotaxis, 146:163 
calcaneal fractures (I), 146:644 
diagnostic procedures, cost-effectiveness vs. ac- 
curacy (l), 146:174 
experimental design, need for precision in (l), 
146:174 
following diphenylhydantoin 
146:179 
foot and ankle, 146:1192 
metrizamide, traumatic dural tear (a), 146:654 
metrizamide myelography and (a), 146:1108 
pediatric, retinoblastoma (a), 146:179 
pheochromocytoma, 146:741 
primary bone and soft-tissue tumors, 146:749 
quantitative, vertebral body compressive frac- 
tures (a), 146:1104 
retroperitoneal hemorrhage, femoral arteriog- 
raphy and, 146:1289 
sagittal, temporomandibular joint (a), 146:179 


intoxication (a), 
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three-dimensional reformation, children, 
146:1261 
Computed tomography, abdomen 
acquired immune deficiency syndrome, 146:7 
aortic aneurysms, 146:711 
gastric diverticulum, simulating adrera! mass, 
146:553 
gastrointestinal inflammation, after bon2 marrow 
transplantation, 146:691 
intraabdominal abscesses, percutaneous drain- 
age, 146:1041 
periappendiceal abscess, 146:1161 
renal angiomyolipoma, 146:1078 
residual masses after chemotherapy, testicular 
carcinoma, 146:1184 
subpulmonic pleural effusions, atelectasis and, 
146:685 
Computed tomography, adrenal, maligmant and 
benign masses (I), 145:1316 
Computed tomography, bladder, MR-surgical 
correlations, staging of carcinoma, ~46:1179 
Computed tomography, chest, silicosis, 146:477 
Computed tomography, cine, nonfixed Upper air- 
way obstruction, 146669 
Computed tomography, cranium 
abused child with head injury, 146:97 
brain and cervical spine diseases, MRI compari- 
son (a), 146:653 
Cavernous sinus, clinical syndrome and Gagnosis 
(a), 146:885 
cerebral bleeding, central traumatic (a), #46:1108 
cerebral torulosis (a), 146:652 
chronic lead exposure, intracranial caleification 
in, 146:267 
exophthalmos, excessive fat and, 146:459 
glioma, chronic seizure disorder caused by (a), 
146:886 
MRI and, head and neck (b), 146:518 
neurosarcoidosis, steroids and, 146:819 
NMR and, dementia (a), 146:178 
opsomyocionus, 146:781 
primary CNS lymphoma, 146:271 
severe diffuse injury (a), 146:654 
Computed tomography, eye, intraocular foreign 
bodies (a), 146:1107 
Computed tomography, heart, aortic dissection, 
detection of intimal flap of, 146:601 
Computed tomography, hypopharynx, ca cinoma 
(a), 146:430 
Computed tomography, kidney 
hemorrhagic focal bacterial nephritis, 1461173 
retroperitoneal fibrosis, 146:57 
Computed tomography, liver 
hepatocellular carcinoma, #46:1005 
arterioportal shunts in, 146:723 
in vivo volume determination (a), 146:177 
masses, 146:729 
Computed tomography, lung, non-small-cell bron- 
chogenic carcinoma, preoperative staging, 
146:285 
Computed tomography, meciastinum, sol bron- 
chogenic cyst, mineralogic analysis, 146:73 
Computed tomography, neck 
incremental dynamic, carotid bifurcation, #46:465 
MRI and, head and neck (b), 146:518 
Computed tomography, pancreas 
mass occupying lesions (a), 146:428 
prediction of pancreatitis (a), 146:1321 
Computed tomography, pelvis, septic hip, psoas 
abscess mimicking of (a), 146:1105 
Computed tomography, pineal, region tumors, 
146:451 
Computed tomography, pituitary 
adenoma, cavernous sinus invasion by, 1#6:257 
Cushing syndrome, 146:1235 
posterior, 146:263 
Computed tomography, prostate, carcinoma de- 
tection, 146:351 
Computed tomography, rectum 
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carcinoma, pre- and postoperative staging, 
146:703 
staging cancer, 146:1155 
Computed tomography, shoulder 
capsular structures, CT arthrography of, 146:361 
intra-articular penetration of a screw (a), 
146:1105 
Computed tomography, spine 
cervical spine and brain diseases, MRI compari- 
son, 146:653 
degenerative disorders, 
146:793 
disk-space hypersensitivity (a), 146:429 
intravenous contrast enhancement, intraspinal 
tumors, 146:103 
malignant diseases (a), 146:431 
pathomorphology of stenosis (a), 146:1109 
Computed tomography, spleen, hepatosplenic 
neoplasia, thorotrast-induced, 146:997 
Computed tomography, testis, malignancy, 
146:291 
Computed tomography, trachea 
adenoid cystic carcinoma, 146:1129 
growing, age and gender in, 146:233 
Computer, radiology and (b), 146:484 
Computer page 
database management, MRI facility, 146:871 
personal, low-volume imaging department, 
146:1302 
Congenital abnormality, see organ; part 
Congestion index, portal vein, 146:735 
Contrast medium 
see also specific medium 
floating gallstones without added contrast mate- 
rial, bile, 146:49 
hexabrix and papaverine, incompatibility of, 
146:1300 
intravenous contrast enhancement, CT evalua- 
tion of intraspinal tumors, 146:103 
parenteral radiographic, acute thrombocytopenia 
induced by, 146:1298 
Coxsackievirus group B antibodies, ventricular 
fluids, infants with severe anatomic defects 
in central nervous system (a), 146:179 
Cranial vault, giant cell reparative granuloma, pe- 
diatric (a), 146:655 
Cricoid cartillage, elliptical, congenital subglottic 
stenosis, 146:1133 
Crohn disease 
postsurgical recurrence, sonographic detection 
of, 146:523 
real-time ultrasound in, 146:1102 
Cystography, see Bladder; other organs 


myelographic data, 


D 


Dementia 
see also Brain 
cerebral NMR and CT imaging in (a), 146:178 
Diabetes, lumbar myelography complications in, 
146:1057 
Diaphanography, breast carcinoma (a), 146:431 
Diarrhea, post-irradiation, pathogenesis of (a), 
146:650 
Digital subtraction angiography, see Angiography 
Diphenylhydantoin, intoxication, CT findings fol- 
lowing (a), 146:179 
Diskitis, computed tomography (a), 146:429 
Diverticulitis, see Colon 
Diverticulum, see specific organ 
Dopamine receptors, images, PET (a), 146:886 
Doppler, see Ultrasound 
Double-contrast barium enema, see Barium sul- 
fate 
Down syndrome, atlantooccipital instability in, 
146:1269 
Drainage procedures, see specific organ 
Drug uptake, experimental enhancement, short- 
term flow occlusion, 146:375 
Duodenum 
bulb, hypertrophied fold (I), 146:647 
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ulcer, radiologic search (I), 146:424 
Dural arteriovenous malformations, intracranial 
hemorrhage and (a), 146:431 


E 


Echinococcal cysts, rupture of, 146:391 
Echocardiography 
see also Heart; Ultrasound 
calcific aortic stenosis (a), 146:650 
mitral regurgitation (a), 146:650 
Editorials 
changing of the guard, 146:171 
device identification: deficient marking systems, 
146:418 
impact of maternity on radiologists, 146:415 
new assistant editors, 146:1311 
presence of parents with children during imaging 
procedures, 146:639 
radiographic detection of polyps of the colon, 
146:875 
radiology manpower: where are we?, 146:172 
what radiologists say about PACS, 146:419 
Effusion, see specific region 
Elbow, radial head—capitellum view, trauma. 
146:81 
Embolization 
ileal arteriovenous malformation, 146:787 
intraosseous arteriovenous malformation, 
146:787 
Encephalitis 
see also Brain 
cytomegalic inclusion virus, AIDS and, CT, 
146:1229 
Endoscopy 
see also specific organ 
pneumatic balloon dilatation, achalasia, esopha- 
gus, 146:25 
Endourology, current trends (a), 146:429 
Enteroclysis, plasma electrolyte status after, 
146:323 
Epidermoid carcinoma, multiple primary, aero- 
digestive tract (a), 146:1320 
Epilepsy, temporal lobe, NMR in (a), 146:653 
Epinephrine, pain control, percutaneous biliary 
drainage, 146:595 
Esophagus 
early cancer, 146:507 
endoscopic pneumatic balloon dilatation, achala- 
sia, 146:25 
function tests (a), 146:428 
idiopathic achalasia, pseudoachalasia distin- 
guished from, radiologic amyl nitrite test, 
146:21 
infections, after marrow transplantation (a), 
146:427 
laser treatment for obstructing carcinoma, radi- 
ographic appearance after, 146:519 
pseudoachalasia, idiopathic achalasia distin- 
guished from, radiologic amyl nitrite test, 
146:21 
Strictures, balloon dilatation (a), 146:427 
varices, splenorenal shunt surgery for, MRI post- 
operative assessment of, 146:597 
Ethanol, renal ablation, fatal outcome in end-stage 
kidneys, 146:593 
Ewing sarcoma, see Bone 
Exophthalmos, see Eye 
Eye 
exophthalmos, excessive fat effects CT, 146:459 
intraocular foreign bodies, CT localization of (a), 
146:1107 


F 


Femoral artery, superficial angioplasty, 146:1025 
Femur 
head, avascular necrosis (a), 146:1104 
ischemic necrosis, asterisk sign and (a), 146:652 
transient ischaemia, bone scintimetry for (a), 
146:1104 
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Fibrosis, see specific organ; region 
Fleischner Society, glossary. 146:883 
Floxuridine 
hepatic arterial chemotherapy, sclerosing cholan- 
gitis associated with, 146:717 
therapy, small-bowel toxicity due to, 146:39 
Focal lytic lesion, acetabular loosening, total hip 
prosthesis (I), 146:423 
Foley catheter, simulating nasopharyngeal mass, 
neuroradiology case of day, 146:1095 
Fontanelle, see Skull 
Foot, CT scanning, 146:1192, 146:1204 
Fracture 
see also specific bone 
trampoline, proximal tibia im children, 146:83 
FUDR, see Floxuridine 


G 


Gallbladder 
cholecystitis, acute, hepatobiliary imaging and 
real-time ultrasound (a), 146:1319 
floating gallstones in bile, without added contrast 
material, 146:49 
function, oral cholecystography, 146:651 
gallstones, sonographic screening for, 146:337 
Gallstone 
dissolution with methyl-tert-buty! ether, percuta- 
neous cholecystostomy, 146:865 
symptomatic and asymptomatic (a), 146:1319 
Ganglion, see organ; part 
Gastric antrum, hypertrophied fold (|), 146:647 
Gastric cardia, diverticulum simulating adrenal 
mass, CT, 146:553 
Gastric emptying, renal failure and (a), 146:428 
Gastritis, erosive, aspirin and other nonsteroidal 
antiinflammatory drugs, 146:31 
Gastroenterology, bockus tb), 146:294 
Gastroenterostomy, percutaneous, 
146:581 
Gastrointestinal tract 
biphasic enteroclysis (a), 146:176 


146:577, 


hemorrhage, angiographic treatment of, 
146:1031 

inflammation, after bone marrow transplantation, 
CT, 146:691 


intussusception, adults, #46:527 
malformations, fetal, antenatal sonographic di- 
agnosis (a), 146:432 
multifocal abnormalities, acquired immune defi- 
ciency syndrome, 145:1 
perforations, mechanically ventilated neonates 
(a), 146:432 
Gastrostomy 
percutaneous, 146:577, 146:581 
percutaneous endoscopic (a), 146:1323 
Genitalia, see specific organ 
Gestational sac, HCG levels and, sonography (I), 
146:1098 
Glioma 
see also Brain 
prediction of survival, positron emission tomog- 
raphy (a), 146:653 
seizure disorder caused by, CT (a), 146:886 
Granuloma 
see also specific organ 
eosinophilic, chest case ef day, 146:1080 
plasma cell, lung, chest case of day, 146:1080 
Granulomatosis, see specific organ 
Graves disease, see Thyreid gland 
Great arteries, congenital abnormalities, MRI, 
146:941 
Gruentzig, Andreas Roland (m), 146:118 
Guide wire n 
see also Catheterization 
exchange problems (I), 146:881 


H 


Harrington instrumentatien, thoracolumbar spine 
(a), 146:652 
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Head, injury, abused child, cranial CT in, 146:97 
Heart 
see also Aortic valve; Mitral valve 
atrial septal defect, noninvasive pulsed Doppler 
echocardiographic detection (a), 146:176 
digital imaging (b), 146:484 
function, MR overview, 146:907 
radioisotope studies (b), 146:1 010 
selective angiography, power injector, 146:831 
Heart, magnetic resonance imaging 
measurement of normal left dimensions, 146:75 
myocardial infarction, 146:925 
strangulated hernia, pneumothorax and, 146:321 
Heart, ultrasound 
noninvasive evaluation, aortic regurgitant frac- 
tion, Doppler echocardiography (a), 
146:1319 
thoracic aortic aneurysms, 146:309 
Hemangioma 
see also organ; region 
hepatic cavernous, atypical radiographic findings 
in, 146:1149 
Hematoma 
see also organ; region 
extracranial, MRI, 146:403 
Hemoccult screening, role of radiology in, 146:697 
Hemoglobinuria, paroxysmal nocturnal, magnetic 
resonance imaging, kidney 146:51 
Hemolymphangiomatosis, musculoskeletal case 
of day, 146:1087 
Hemorrhagic infarction, delayed, pediatric (a), 
146:888 
Hepatic artery, thrombosis, after liver transplanta- 
tion, 146:137 
Hepatocellular carcinoma 
see also Liver 
arterioportal shunts in, CT features of, 146:723 
primary extrahepatic mass, CT, 146:1005 
scintigraphy in diagnosis (a), 146:884 
Hepatosplenic neoplasia, thorotrast-induced, CT 
identification, 146:997 
Herophili, torcular, sonographic appearance of, 
146:109 
Hexabrix, incompatibility with 
146:1300 


papaverine, 


Hip 
changes, spastic cerebral palsy, 146:1219 
normal and ischemic, joint fluid. MRI, 146:1215 
prosthesis, acetabular loosening, focal lytic le- 
sions with (I), 146:423 
Histocytosis X, healing rates in bones, children (a), 
146:655 
Hodson, John (m), 146:1154 
Hydatid disease, rupture of echinococcal cysts, 
146:391 
Hyperoxaluria, primary, radiologic aspects Of, 
146:395 
Hypertension 
see also specific type 
flank mass and, 146:67 
portal, porto-caval anastomosis in, children (a), 
146:654 
Hypopharynx, see Pharynx 
Hysterosalpingography, low-osmolality contrast 
medium in (a), 146:428 


ileal conduit, retrograde ureteral catheterization 
via, 146:61 
obstruction, 
146:859 
Imaging 
see also Radiography; Computed Tomography; 
Ultrasound 
cerebral perfusion, iodine 123-labeled amines (a), 
146:886 
chemical shift, 146:971 
children, presence of parents during (e), 146:639 
diagnostic 
clinical medicine (b), 146:21€ 


lleum, transluminal angioplasty, 
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consultation in (b), 146:986 
roentgen signs of (b), 146:238 
digital (b), 146:248 
information processing (b), 146:476 
kidney mass (a), 146:429 
oncologic (b), 146:1140 
renal failure (a), 146:651 
Imaging equipment, x-ray (b), 146:232 
Imaging processing, digital, cardiac (b), 146:484 
Imaging techniques, tarsal coalitions (a), 146:885 
Implanted devices, markers for, 146:387 
Indium-111 
leukocyte scan 
brain abscesses (a), 146:885 
uptake by tumors, 146:621 
leukocyte scanning 
early myocarditis in Kawasaki disease, 
146:255 
febrile renal transplant patients, 146:823 
Intestine, small-bowel toxicity, floxuridine therapy 
and, 146:39 
Intracranial circulation, quantitative analysis, 
rapid-sequence DSA, 146:1 239 
Intracranial hemorrhage, NMR imaging of (a), 
146:1106 
Intravascular mass, non-Wilms’, childhood (I), 
146:1098 
intravascular retrieval, percutaneous, foreign 
body, 146:863 
Intussusception 
see also specific organ 
adults, 146:527 
Ischemia 
arterial, lower limbs, 146:157 
simulation of colonic carcinoma by (a), 146:176 
islet-cell tumors, small, localization (a), 146:884 


J 


Jaundice, obstructive, sonographic parallel channel 
sign in (l), 146:645 
Jejunostomy, percutaneous, 146:577, 146:581 
Jejunum 
enteroclysis, plasma electrolyte status after, 
146:323 
percutaneous bioplasty (a), 146:1102 
Joint 
see also specific joint 
aspiration or arthrography, negative bone scans 
after, experimental study, 146:87 
knee, locking and unlocking, arthrography, 
146:575 
temporomandibular, sagittal computed tomogra- 
phy (a), 146:179 


K 


Kawasaki disease, early myocarditis in, indium- 


111 leukocyte scanning localization, 
146:255 
Kidney 


clear cell sarcoma, tumor of childhood that me- 
tastasizes to bone, 146:64 
cyst, hemorrhagic, MRI, 146:1 167 
failure 
current imaging (a), 146:651 
gastric emptying in (a), 146:428 
mass, current imaging (a), 146:429 
normal growth, myelodysplasia, 146:615 
polycystic disease, MRI, 146:1167 
staghorn, large pelvic stones and (a), 146:652 
transplant, febrile patients, indium-111 leukocyte 
scanning, 146:823 
Wilms’ tumor, MRI, 146:955 
Kidney, angioplasty, transplant arterial stenosis, 
146:853 
Kidney, magnetic resonance imaging, paroxys- 
mal nocturnal hemoglobinuria, 146:51 
Kidney, ultrasound 
American Burkitt lymphoma, 146:549 
calcium deposition, children, 146:1253 
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cystic disease, fetal, 146:767 
Kimray-Greenfield filter 
percutaneous femoral introduction (I), 146:424 
percutaneous placement (l), 146:1317 
Knee, locking and unlocking, arthrographic dem- 
onstration, 146:575 


L 


Laser therapy, obstructing carcinoma, esophagus 
and stomach, radiographic appearance after, 
146:519 

Lead poisoning 

intracranial calcification in, CT findings, 146:267 
radiologic diagnosis of, 146:245 

Leriche syndrome, angiography, CT, and sonog- 
raphy (a), 146:1106 

Leukocyte scan, tumor uptake of indium-111, 
146:621 

Leydig-cell tumor, ultrasound in (a), 146:177 

Limb-body wall complex, utero sonographic di- 
agnosis, 146:1019 

Liver 

Budd-Chiari syndrome, MRI, 146:1141 
cirrhosis 
portal vein thrombosis in (a), 146:427 
ruptured hepatocellular carcinoma complicat- 
ing (a), 146:178 
hepatic cavernous hemangioma, atypical radi- 
ographic findings in, 146:1149 
metastases 
colonic carcinoma, °"TC-HMDP in, 146:333 
preoperative imaging (a), 146:1320 
transplantation 
angiographic and radiologic interventional con- 
siderations, 146:143 
hepatic artery thrombosis after, 146:137 
volume determination, sonography and CT (a), 
146:177 
Liver, computed tomography, masses, 146:729 
Liver, ultrasound 
diffuse benign disease, 146:1011 
diffuse parenchymal disease (a), 146:177 
regenerating nodules, cirrhosis, 146:533 
Lung 
cancer, radiotherapy (b), 146:774 
horseshoe, 146:211, 146:217 
non-small-cell bronchogenic carcinoma, CT in 
preoperative staging, 146:285 
plasma cell granuloma, case of day, 146:1080 
tuberculosis, radiographic features, 146:497 

Lung, radiography, carcinoid, atypical, 146:665 

Lymphadenopathy, sinus histiocytosis with (a), 
146:179 

Lymphangioma 

intra-abdominal cystic, mesenteric cysts and (a), 
146:1319 

vertebral, lymphographic documentation of (a), 
146:177 

Lymphangiomyomatosis, pulmonary, chest case 
of day, 146:1083 

Lymph node 

see also Lymphoma 
intramammary, breast cancer metastasis to, 
146:133 

Lymphography, 
146:177 

Lymphoma 

American Burkitt, renal sonography in, 146:549 
early gastric, radiologic manifestations of, 
146:513 
non-Hodgkin 
bone, musculoskeletal case of day, 146:1088 
central nervous system involvement (a), 
146:887 

Lymphoscintigraphy, internal mammary. breast 

carcinoma (a), 146:431 


vertebral lymphangioma (a), 


Magnetic resonance imaging 
arachnoid cysts, sacrum, 146:359 
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blood and blood products, 146:1293 
Budd-Chiari syndrome, 146:1141 
chemical shift, 146:971 
comparing costs and efficacy, commentary, 
146:1307 
comparison with CT, brain and cervical spine 
diseases (a), 146:653 
contrast imaging (a), 146:433 
CT and 
cerebral, dementia (a), 146:178 
head and neck (b), 146:518 
diffusion of, 146:963 
endoscopic biopsy and, Egyptian mummies, 
146:93 
facility, computer patient database management, 
146:871 
intervertebral disk (a), 146:429 
neuroblastoma, 146:251 
neurosarcoidosis, steroids and, 146:819 
optimally oriented, measurement of normal left 
heart dimensions, 146:75 
orthopaedic surgery (a), 146:884 
pediatric (b), 146:1140 
periventricular hyperintensity, 146:443 
primary bone and soft-tissue tumors, 146:749 
Skeletal muscle, 146:565 
solenoid surface coils in, 146:409 
spectroscopy (a), 146:1107 
spin-echo, blood flow and, 146:931 
Stroke syndromes (a), 146:431 
surface coil (a), 146:178 
temporal lobe epilepsy (a), 146:653 
vascular malformations, 146:1223 
Magnetic resonance imaging, abdomen, Wilms’ 
tumor, 146:955 
Magnetic resonance imaging, arteries 
congenital abnormalities, 146:941 
Takayasu's arteritis, angiography and, 146:949 
Magnetic resonance imaging, bladder, CT-sur- 
gical correlation, staging of carcinoma, 
146:1179 
Magnetic resonance imaging, bone, malignant 
infiltration, 146:353 
Magnetic resonance imaging, breast, diagnosis 
of disease, 146:119 
Magnetic resonance imaging, cranium 
extracranial hematoma, 146:403 
intracranial hemorrhage (a), 146:1106 
pediatric abnormalities (a), 146:886 
Magnetic resonance imaging, heart 
dissection of the aorta, 146:1286 
myocardial infarction, 146:315 
overview, 146:907 
reperfused myocardial infarct, dog, 146:925 
thoracic aortic aneurysms, 146:309 
Magnetic resonance imaging, joint, fluid, normal 
and ischemic hip, 146:1215 
Magnetic resonance imaging, kidney 
paroxysmal nocturnal hemoglobinuria, 146:51 
polycystic disease, renal cysts in, 146:1167 
Magnetic resonance imaging, liver, splenorenal 
shunts, 146:597 
Magnetic resonance imaging, lung 
pulmonary airspace disease, 146:1123 
pulmonary vascular resistance, congenital cardi- 
ovascular shunt lesions, 146:919 
Magnetic resonance imaging, pelvis, female, 
146:1115 
Magnetic resonance imaging, pituitary, adenoma, 
Cavernous sinus invasion by, 146:257 
Magnetic resonance imaging, prostate, carci- 
noma detection, 146:351, 146:543 
Magnetic resonance imaging, rectum, staging 
cancer, 146:1155 
Magnetic resonance imaging, spine, lesions of 
posterior fossa and upper cervical cord, 
childhood (a), 146:179 
Magnetic resonance imaging, thorax, venous ob- 
struction, 146:679 
Mammography 
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breast cancer 
metastasis, 
146:133 
nonpalpable, 146:661 
high-contrast, moving grid, 146:1137 
male breast disease, 146:127 
therapy (l), 146:1100 
Maternity, impact on radiologists (e), 146:415 
Maxial-orbital fractures, medial, CT (a), 146:1108 
Maxillofacial pantomography, interpretation (b), 
146:1324 
Mediastinal collateral arteries, coarctation of the 
aorta, 146:757 


inttamammary lymph nodes, 


Mediastinum 
mass, pericardial effusion presenting as (a), 
146:1102 
Solid bronchogenic cyst, mineralogic analysis, 
146:73 


transesophageal sonography (a), 146:1102 
tumor, circumflex retroesophageal right aortic 
arch simulation of, 146:491 
venous obstruction, MRI, 146:679 
Medtronic hall valve prosthesis. radiographic ap- 
pearance, 146:485 
Megacolon, see Colon 
Meniscus, see Knee 
Mesentery 
cysts 
intra-abdominal cystic lymphangiomas and (a), 
146:1319 
retroperitoneal cysts and (a), 146:1320 
Metaphyseal lesion, abused infants. radiologic 
characteristics, 146:895 
Methyl-tert-butyl ether, gallstone dissolution with, 
percutaneous cholecystostomy, 146:865 
Metoclopramide, pancreatic sonography and, 
146:341 
Metrizamide 
CT cisternography, cerebrospinal fluid rhinorrhea 
(a), 146:885 
lumbar myelography 
aseptic meningitis secondary to, infant (a), 
146:655 
complications in diabetics, 146:1057 
myelography 
cervical (a), 146:1109 
CT scanning and (a), 146:1108 
Microcolon, see Colon 
Miller, George Andrew, Sr. (m), 146:326 
Mitral valve, regurgitation, echocardiography (a), 
146:650 
Mucopolysaccharidosis, narrow trachea in (a), 
146:180 
Multiple sclerosis 
see also Brain 
MRI in, 146:443 
Muscle, skeletal, MRI imaging, 146:565 
Musculoskeletal system, case of day, 146:634, 
146:1090 
Myelodysplasia, normal kidney growth and, chil- 
dren, 146:615 
Myelofibrosis (b), 146:30 
Myelography 
cervical, metrizamide (a), 146:1109 
CT scanning and, metrizamide (a), 146:1108 
lumbar 
metrizamide, aseptic meningitis secondary to, 
infant (a), 146:655 
metrizamide, complications in 
146:1057 
outpatient (a), 146:885 
Myelomeningocele, progressive spasticity and 
scoliosis in (a), 146:653 
Myocarditis, Kawasaki disease in, indium-111 leu- 
kocyte scanning localization in, 146:255 
Myocardium, see Heart 
Myositis ossificans, musculoskeletal case of day, 
146:1090 


diabetics, 
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N 


Nasopharyngeal mass, Foley catheter simulation 
of, neuroradiology case of day, 146:1095 
Neck 
carotid bifurcation, incremental dynamic CT, 
146:465 
masses, ultrasound, children, 146:609 
Neoplasm, see specific organ; region 
Nephritis, hemorrhagic focal bacterial, Gray-scale 
sonography and CT findings, 146:1173 
Nephrostolithotomy, percutaneous (a), 146:887 
Nephrostomy, percutaneousa!), 146:882 
Neuroblastoma 
cystic, infants, 146:113 
€gg-shell calcifications, children (a), 146:432 
magnetic resonance imaging, 146:251 
opsomyocionus, CT scanning in, 146:781 
primary (a), 146:1108 
Neuroradiology, case of day, 146:637 
Neurosarcoidosis, steroids and, CT and MRI, 
146:819 
Neurosonography, intraoperative, time require- 
ment for, 146:815 
Nonsteroidal antiinflammatory drugs, serpiginous 
gastric erosions caused by, 146:31 
Nuclear magnetic resonance imaging, see Mag- 
netic resonance imaging 
Nuclear medicine, annual 1985 (b), 146:294 
Nucleus polposus, herniated. spontaneous regres- 
sion (I), 146:882 


O 


Occlusion, short-term, drug uptake and, 146:375 
Oligohydramnios, 16 and 30 weeks gestation, son- 
ographic evaluation, 146:1277 
Oncology 
diagnostic, clear cell sarcoma of the kidney, 
146:64 
radiation (b), 146:970 
Ophthalmology, diagnostic imaging (b), 146:1282 
Opsomyocionus, CT scanning in, 146:781 
Optic nerve, meningiomas (a). 146:430 
Orthopedic surgery, MRI (a), 146:884 
Osteoma 
see also Bone 
osteoid, musculoskeletal case of day, 146:1092 
Osteosarcoma 
see also Bone 
parosteal, radiolucencies (a). 146:884 


p 


PACS, what radiologists say (e), 146:418 
Pancreas 
pancreatitis 
abscesses in, CT (a), 146:1321 
diagnosis of (a), 146:177 
fat depositions, sonography-and, 146:1017 
lipomatosis, Schwachman-Diamond syndrome 
(a), 146:433 
mass occupying lesions, CT diagnosis (a), 
146:428 
Pancreas, ultrasound, metoclopramide and, 
146:341 
Pancreatitis, see Pancreas 
Papaverine, incompatibility with 
146:1300 
Parathyroid gland, imaging (b), 146:1010 
Pediatric radiology 
aortoiliac compression, 
146:1273 
arterial catheters, complications of (a), 146:655 
aseptic meningitis, secon to metrizamide 
lumbar myelography, infant (a), 146:655 
bile duct dilation, immunodeficiency and (a), 
146:432 
bronchopulmonary 
146:227 
cerebral abnormalities (a), 146:886 
delayed hemorrhagic infarction (a), 146:888 


hexabrix, 


distended bladder, 


foregut malformations, 
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digital subtraction angiography a), 146:1323 

end-stage kidneys, fatal outcome after renal abla- 
tion, 146:593 

facial port-wine stains, Sturge-Weber syndrome 
and (a), 146:432 

fetal anomalies, oligohydramnios between 16 and 
30 weeks gestation, 146:1277 

focal cerebral hypoperfusion, dysphasia or atten- 
tion deficit disorder (a), 146655 

gastrointestinal malformations, antenatal sono- 
graphic diagnosis of (a), 143:432 

giant cell reparative granuloma, cranial vault (a), 
146:655 

hemorrhage and cyst development, cavum septi 
pellucidi (a), 146:888 

histiocytosis X, healing rates in Cone (a), 146:655 

horseshoe lung, 146:211, 146:217 

Hurier’s syndrome (a), 146:433 

indium-111 leukocyte scanning, 2arly myocarditis 
in Kawasaki disease, 146:255 

infantile infectious sacroilitis (a), 146:888 

mechanical ventilation, gastroirtestinal perfora- 
tion in (a), 146:432 

metaphyseal lesion, abused infants, 146:895 

microcolon of prematurity, 146:239 

MRI in neuroblastoma, 146:251 

neck masses, sonography, 146:309 

neonatal chest, extracorporeal membrane oxy- 
genation, 146:1257 


neuroblastoma, egg-shell cacifications (a), 
146:432 

normal renal growth, myelodysplasia and, 
146:615 


panereatic lipomatosis, Schwachman-Diamond 
syndrome (a), 146:433 

percutaneous endoscopic gastrostomies (a), 
146:1323 

percutaneous nephrostolithotom/ (a), 146:887 

portal hypertension, porto-caval anastomosis in 
(a), 146:654 

preoral pneumocolon, 146:763 

presence of parents during imaging procedures 
(e), 146:639 

pseudoomphalocele, 146:1 283 

renal calcium deposition, ultrasound, 146:1253 

renal cystic disease, fetal, 146:767 

rib osteomyelitis (a), 146:654 

septic shock, group B streptococcal sepsis and 
periventricular leukomalacia a), 146:432 

sonographic study, cerebral ventricles, neonate, 
146:471 

subdural hemorrhage, in utero (a), 146:887 

three-dimensional CT reformatior, 146:1261 

tracheal dimensions, 146:233 


ultrasound, idiopathic arterial calcification, 
146:249 
umbilical artery, dystrophic calafication in (a), 
146:654 
Percutaneous puncture, serial embolization, ex- 
tremity arteriovenous malformation, 
146:1038 
Percutaneous transluminal angioplasty, see An- 
gioplasty 
Periappendiceal abscess, CT in management of, 
146:1161 


Periventricular hyperintensity, MR in, 146:443 
Periventricular leukomalacia, sonography, 
146:1067 
Pharynx, hypopharynx tumors, CT (a), 146:430 
Pheochromocytoma, unenhanced CT, 146:741 
Phlebitis, portal, abdominal case of day, 146:1077 
Phlegmons, CT in management of, 146:1 161 
Physics, radiological (b), 146:678 
Pineal gland 
germinal-cell tumor, 146:1246 
tumors, CT of, 146:451 
Pituitary gland 
adenoma, cavernous sinus invasion by, CT and 
MRI signs of, 146:257 
Cushing syndrome, CT, 146:1235 
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posterior, CT demonostration of, 146:263 
Pituitary tumors, CT (a), 146:886 
Plasma cell disease, review (a), 146:429 
Pleural effusion, malignant, complication of biliary 
drainage, 146:1165 
Pneumocolon, preoral, children, 146:763 
Pneumosinus dilatans, orbital (a), 146:430 
Pneumothorax, colopleural fistula, strangulated 
diaphragmatic hernia with, 146:321 
Polycystic kidney disease, see Kidney 
Polyvinyl alcohol foam, embolization, radiopaque 
suspension, 146:591 
Portal vein, congestion index, 146:735 
Positron emission tomography 
brain (b), 146:690 
dopamine receptor images (a), 146:886 
glioma patients (a), 146:653 
Pregnancy, fluoroscopy and (e), 146:415 
Proptosis, CT volumetric analysis, 146:459 
Prostate 
cancer, MRI, 146:543 
carcinoma, MRI/CT-guided biopsy, 146:351 
lesions, transrectal sonography, 146:1187 
Pseudarthrosis, diagnosis, posterior spinal fusion 
for scoliosis (a), 146:1103 
Pseudoomphalocele, fetal sonography, 146:1 283 
Psoas abscess, CT diagnosis (a), 146:1105 
Pulmonary airspace disease, MRI, 146:1123 
Pulmonary alveolar proteinosis, bronchopulmo- 
nary lavage in, chest radiography, 146:981 
Pulmonary disease, talc and, 146:295 
Pulmonary function tests, CT correlation with, sil- 
icosis, 146:477 


Pyelography, emergency intravenous (a), 
146:1322 
Pylethrombosis, protean manifestations of (a), 
146:1321 
R 


Radiation physics, medical, progress in (b), 146:24 
Radioactivity, measurements procedures (b), 
146:532 
Radiodiagnosis, skull (b), 146:476 
Radiography 
see also specific organ 
interpretation for general practitioners (b), 146:80 
x-rays, health effects (b), 146:774 
Radiography, digital, symposium on (b), 146:86 
Radiography, imaging, oriental cholangiohepatitis, 
146:327 
Radiography, injurious effects, contrast medium, 
acute thrombocytopenia, 146:1298 
Radiography, technique 
atypical carcinoid, lung, 146:665 
catheter perforation, superior vena Cava, 146:487 


cervical spine, hyperextension dislocation, 
146:803 
chest 


CT and pulmonary function test correlation, 
silicosis, 146:477 
extracorporeal membrane oxygenation, neo- 

natal, 146:1257 

colonic polyps, single-contrast vs double-con- 
trast barium enema in, 146:993 

computer-generated examinations, 146:413 

cystic neuroblastoma, 146:113 

diminutive polyps, colon (e), 146:875 

double-contrast, esophageal mucosa (a), 
146:651 

early esophageal cancer, 146:507 

elbow trauma, radial head—capitellum view, 
146:81 

esophagus and stomach, laser treatment for ob- 
structing carcinoma, 146:519 

hemophilia, diagnostic imaging (b), 146:80 

hepatic cavernous hemangioma, 146:1149 

hip changes, spastic cerebral palsy, 146:1219 

horseshoe lung, 146:211 

kinked catheters, 146:789 

medtronic hall valve prosthesis, 146:485 
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primary central nervous system lymphoma, 
146:271 
pulmonary alveolar proteinosis, 146:981 
pulmonary tuberculosis, 146:497 
radial head—capitellum view, elbow trauma, 
146:81 
solenoid surface coils, MRI, 146:409 
strangulated diaphragmatic hernia, pneumo- 
thorax and, 146:321 
transhiatal esophagectomy, gastric interposition 
following (a), 146:651 
Radioisotope studies, cardiology (b), 146:1010 
Radiologic-pathologic correlation conference, 
flank mass and hypertension, 146:67 
Radiology 
amyl nitrite test, pseudoachalasia distinguished 
from idiopathic achalasia, 146:21 
computer applications in (b), 146:248 
congenital bronchopulmonary foregut malforma- 
tions, 146:227 
device identification (e), 146:418 
diagnosis and mamagement of bone tumors (a), 
146:1104 
duodenal ulcer detection (l), 146:424 
early gastric lymphoma, 146:513 
hepatic artery thrombosis, after liver transplan- 
tation, 146:137 
horseshoe lung, 146:217 
hyperoxaluria, 146:395 
idiopathic megacolon (a), 146:651 
interventional 
biliary, removal of bile duct stones, 146:383 
Cope introduction set, 146:381 
liver transplantation, 146:143 
lead poisoning, 146:245 
night (|), 146:1100 
physicis, essentials of (b), 146:518 
physics (b), 146:678 
saphenous vein bypass graft, 146:605 
self assessment 
ear, nose and throat (b), 146:1276 
gastrointestinal (b), 146:1 276 
small-bowel toxicity, floxuridine therapy, 146:39 
terminology (I), 146:425 
today (b), 146:940 
X-ray imaging equipment (b), 146:232 
Radiology, clinical, joints and vertebral connec- 
tions (b), 146:1268 
Radiology, operations 
computer-assisted (b), 146:484 
hemoccult screening, 146:697 
manpower: where are we? (e), 146:172 
spine tumors (b), 146:1030 
Radiology, pediatric, see Pediatric radiology 
Radiology, training, residents, computer-gener- 
ated examinations, 146:413 
Radiolucencies, parosteal osteosarcoma (a), 
146:884 
Radionuclide imaging, see Scintigraphy 
Radiopaque suspension, polyvinyl alcoho! foam 
for embolization, 146:591 
Radiotherapy, lung cancer (b), 146:774 
Rectosigmoid carcinema, CT staging of, 146:703 
Rectum 
cancer, MR and CT staging of, 146:1155 
rectosigmoid carcinoma, CT staging of, 146:703 
Respiratory distress syndrome, adult, chest case 
of day, 146:1085 


Retinoblastoma, computed tomography (a), 
146:179 

Retroperitoneal cysts, mesenteric cysts and (a), 
146:1320 

Retroperitoneum 


aortic rupture into (I), 146:421 
fibrosis, CT in distinguishing cause of, 146:57 
hemorrhage, femoral arteriography and, CT, 
146:1289 
mass with intradural extension, magnetic reso- 
nance imaging, 146:251 
Rotator cuff 
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disorders (a), 146:1105 
sonography of, 146:555, 146:561 


S 


Sacroilitis, infantile infectious (a), 146:888 
Sacrum 
arachnoid cysts, MRI, 146:359 
foraminal lines (I), 146:648 
upper, transverse fracture (a), 146:1103 
Saphenous vein, bypass graft, radiologic aspects, 
146:605 
Schilder’s disease, myelinoclastic diffuse sclerosis 
(a), 146:1108 
Schwachman-Diamond syndrome, pancreatic li- 
pomatosis and (a), 146:433 
Scimitar syndrome, horseshoe lung and, 146:211 
Scintigraphy 
hepatocellular carcinoma (a), 146:884 
procedures (b), 146:716 
Scintimetry, bone (a), 146:1104 
Scoliosis 
see also Spine 
idiopathic, isotope scanning with Tc-99m MDP 
(a), 146:1103 
posterior spinal fusion for, diagnosis of pseudar- 
throsis (a), 146:1103 
Seminoma 
see also body part 
advanced, chemotherapy treatment, CT evalua- 
tion, 146:745 
Septic shock, group B streptococcal sepsis, peri- 
ventricular leukomalacia and (a), 146:432 
Shoulder, rotator cuff diseases (a), 146:884 
Sigmoid diverticular disease, neoplasms and (a), 
146:1320 
Silicosis, CT, correlation with plain films and pul- 
monary function tests, 146:47 
Skull 
radiodiagnosis (b), 146:476 
solitary eosinophilic granuloma (a), 146:654 
Small bowel, see Intestine, Jejunum, Ileum 
Society for Pediatric Radiology, 1986 scientific 
program, Washington, DC, 146:642 
Society of Magnetic Resonance in Medicine. 
meeting in London, commentary, 146:1314 
Soft-tissue, tumors, aspiration cytology in (a), 
146:1105 
Soft tissue 
tumors 
diagnosis (b), 146:1046 
MRI and CT evaluation of, 146:749 
Solenoid surface coils, MRI, 146:409 
Sonography, see Ultrasound 
Spectroscopy, NMR (a), 146:1107 
Speech, velopharyngeal insufficiency, videofluoros- 
copy of, 146:15 
Spermatic cord, tension (a), 146:1103 
Spine 
degenerative disorders, CT myelographic data, 
146:793 
hyperextension dislocation, radiographic fea- 
tures, 146:803 
injuries, spondylosis and, 146:277 
lumbar, stenosis (a), 146:1322 
pathomorphology of stenosis, CT (a), 146:1109 
radiology of tumors (b), 146:1030 
stenosis (a), 146:887 
thoracolumbar, Harrington instrumentation of (a), 
146:652 
Spine, computed tomography, intraspinal tumors, 
intravenous contrast enhancement, 146:103 
Spine, magnetic resonance imaging, lesions of 
posterior fossa and upper cervical cord (a), 
146:179 
Splenorenal shunt, postoperative assessment with 
MRI, 146:597 
Spondylarthrography, apophyseal joint arthrogra- 
phy (a), 146:652 
Spondylosis, cervical spinal cord injuries and, 
146:277 
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Steinberg, Samuel S. (m), 146:1178 
Steroids, neurosarcoidosis responding to, CT find- 


ings, 146:819 

Stomach, laser treatment for obstructing carci- 
noma, radiographic appearance after, 
146:519 


Stroke syndromes, MRI in (a), 146:431 

Sturge-Weber syndrome, facial port-wine stains 
and, pediatric radiology(a), 146:432 

Subdural hemorrhage, in utero (a), 146:887 

Subglottic stenosis, congenital, elliptical cricoid 
Cartilage, 146:1133 

Suprasellar epidermoid, neuroradiology case of 
day, 146:1094 

Suture anchor, visceral drainage, 146:160 


T 


Takayasu’s arteritis, vascular imaging, MRI, 
146:949 
Talc, inhalation or intravenous administration, man- 
ifestations in chest, 146:295 
Tarsal coalitions, imaging techniques (a), 146:885 
Temporal lobe, epilepsy, NMR in (a), 146:653 
Testis 
carcinoma, residual masses after successful 
chemotherapy, 146:1184 
embryonal carcinoma, non-Wilms’ intravascular 
mass, childhood (I), 146:1098 
impalpable neoplasm, sonography, 146:349 
malignancy, low-attenuation thoracic metas- 
tases, 146:291 
Thermography, plate, carpal tunnel syndrome (a), 
146:1106 
Thoracic inlet, venous obstruction, MRI, 146:679 
Thoracic outlet syndrome, athletes, 146:809 
Thorax 
case of day, 146:627, 146:1080 
extracorporeal membrane oxygenation, neonatal 
chest, radiographic appearance of, 
146:1257 
percutaneous trephine bone biopsy (a), 146:1103 
pulmonary alveolar proteinosis, 146:981 
rib osteomyelitis, radiologic and ultrasonic find- 
ings, children (a), 146:654 
talc manifestations in chest, 146:295 
timing of film follow-up, after transthoracic needle 
aspiration, 146:1049 
Thorotrast, hepatosplenic neoplasia, CT, 146:997 
Thrombocytopenia, acute, parenteral radiographic 
contrast medium, 146:1298 
Thrombosis 
deep venous, effect of anatomic variations, 
146:845 
hepatic artery, after liver transplantation, 146:137 
Thyroid gland, imaging (b), 146:1010 
Tibia, proximal metaphysis, trampoline fracture in 
children, 146:83 
Trachea 
CT, adenoid cystic carcinoma, 146:1129 
growing, age and gender in, computed tomogra- 
phy, 146:233 
narrow, mucopolysaccharidoses (a), 146:180 
Transplant 
liver 
angiographic and interventional radiologic con- 
siderations in, 146:143 
hepatic artery thrombosis after, 146:137 
Transthoracic needle aspiration, pulmonary le- 
sions, 146:1049 
Tuberculosis, pulmonary, radiographic features, 
146:497 


U 


Ultrasound 
see also specific organ; region 
diffuse parenchymal liver disease (a), 146:177 
endoscopic (a), 146:427 
fetal 
limb-body wall complex, 146:1019 
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oligohydramnios, 16 and 30 weeks gestation, 
146:1277 
pseudoomphalocele, 146:1283 
Gray-scale, hemorrhagic focal bacterial nephritis, 
146:1173 
idiopathic arterial calcification, infancy, 146:249 
normal anatomy (b), 146:690 
obstructive jaundice (|), 146:645 
pediatric (b), 146:1282 
real-time, acute cholecystitis (a), 146:1319 
tendinopathies, Achilles tendon, athletes (a), 
146:429 
torcular herophili, 146:109 
transesophageal mediastinal (a), 146:1102 
Ultrasound, abdomen 
aortic aneurysm, anechoic crescent in, 146:345 
real-time, Crohn's diseaseda), 146:1102 
Ultrasound, bladder, neonatal aortoiliac compres- 
sion, 146:1273 
Ultrasound, brain 
compressed and asymmetric lateral ventricles, 
neonates, 146:471 
periventricular stereotaxis (a), 146:178 
Ultrasound, carotid artery, hemorrhage detection, 
Carotid plaque, 146:1061 
Ultrasound, cranium, peritrigonal echogenic blush 
on, 146:1067 
Ultrasound, gallbladder, gallstones, chest pain 
and normal coronary arteries, 146:337 
Ultrasound, genitourinary system, Leydig-cell tu- 
mors (a), 146:177 
Ultrasound, heart 
noninvasive pulsed Doppler echocardiographic 
detection, atrial septa! defect (a), 146:176 
thoracic aortic aneurysms. 146:309 
Ultrasound, intestines, Crohn disease, postsurgi- 
cal recurrence of, 146:523 
Ultrasound, kidney 
American Burkitt lymphoma, 146:549 
calcium deposition, children, 146:1253 
cystic disease, fetal, 146:767 œ 
hypertrophied column of Bertin, 146:53 
urinary tract infection, differentiation of upper and 
lower, 146:775 
Ultrasound, liver 
diffuse benign disease, 146:1011 
in vivo volume determination (a), 146:177 
regenerating nodules, cirrhosis, 146:533 
Ultrasound, neck, masses, children, 146:609 
Ultrasound, pancreas 
fat deposition in, 146:1017 
metoclopramide enhancement, 146:341 
Ultrasound, pelvis, hip disease, children (a), 
146:1105 
Ultrasound, rectum, transrectal pelvic abscess 
drainage, 146:1047 


Ultrasound, shoulder, retator cuff, 146:555. 
146:561 
Ultrasound, spine, intraoperative, spinal (a), 
146:887 
Ultrasound, testicular, impalpable neoplasm, 
146:349 
Ultrasound, transrectal, prostatic lesions, 
146:1187 
Umbilical artery, dystrophic calcification in, children 
(a), 146:654 
Urachus, carcinoma, abdominal case of day, 
146:1075 
Uremia, terminal, ethanol renal ablation and, 
146:593 
Ureter 
retrograde catheterization, via the ileal conduit, 
146:61 
vesicoureteral reflux, excretory urography (l), 
146:647 


Ureteropelvic junction, obstruction, abdominal 
pain (a), 146:1103 

Urinary tract, upper and lower infection, sonogra- 
phy in differentiation of, 146:775 
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Urography, excretory, vesicoure‘eral reflux (I), 
146:647 

Urokinase-lys-plasminogen, intraarterial infusion 
therapy, complications in artərial ischemia of 
lower limbs, 146:157 


V 


Vascular disease, noninvasive diagnostic tech- 
niques (b), 146:30 

Vascular malformations, angiographically occult, 
MRI imaging of, 146:1223 
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Vasopressin, infusion, gastrointestinal hemor- 
rhage, 146:1031 
Velopharyngeal insufficiency, videofluoroscopy, 
146:15 
Vena cava, impending catheter perforation, radi- 
ographic recognition, 146:487 
Venography 
see also Angiography; specific vein; organ; region 
positive contrast, deep venous thrombosis of 
lower extremity, 146:845 
radionuclide, blood pool, 146:1051 
Vesicoureteral reflux, see Ureter 
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Videofluoroscopy, velopharyngeal insufficiency, 
146:15 
Viscera, hollow, suture anchor for drainage, 
146:160 
W 
Wilms’ tumor, see Kidney 
Wrist, midcarpal, arthrography (l), 146:645 
X 
X-rays, see Radiography 


Volume 146 


Official Journal of the American Roentgen Ray Society 


Ault 


American Journal of Roentgenology 
Diagnostic Imaging and Related Sciences 


Editor-In-Chief Robert N. Berk, San Diego, California 
Editor Emeritus Melvin M. Figley, Seattle, Washington 


Associate Editors Alan J. Davidson, Washington, District of Columbia 
Saskia von Waldenburg Hilton, San Diego, California 
Juan M. Taveras, Boston, Massachusetts 


Assistant Editors William L. Ashburn, San Diego, California 
Charles C. Berry, San Diego, California 
William G. Bradley Jr., Pasadena, California 
Edward Buonocore, Knoxville, Tennessee 
Peter L. Cooperberg, Vancouver, British Columbia 
Peter Doublilet, Boston, Massachusetts 
Reed N. Dunnick, Durham, North Carolina 
Ronald G. Evens, St. Louis, Missouri 
Henry |. Goldberg, San Francisco, California 
John R. Hesselink, San Diego, California 
William R. Hendee, Chicago, Illinois 
Charles B. Higgins, San Francisco, California 
Helen C. Redman, Dallas, Texas 
Donald L. Resnick, San Diego, California 
Stuart S. Sagel, St. Louis, Missouri 
Stewart R. Reuter, San Antonio, Texas 
Edward A. Sickles, San Francisco, California 
Michel M. Ter-Pogossian, St. Louis, Missouri 
Eric vanSonnenberg, San Diego, California 


Editorial Staff: Gita S. Braude, managing editor; Elizabeth A. Whalen, Barbara Rose, 
and Linda \Vood, manuscript editors; Marilyn A. Bredvold, Nancy Rydbeck, administrative 
assistants; Fay Lau, secretary. 


All business correspondence, including display (not classified) advertising, subscriptions, address changes, reprints, and permission 
requests shoulc be addressed to Williams & Wilkins, 428 East Preston Street, Baltimore, MD 21202. Correspondence regarding 
editorial matters and classified advertising should be addressed to the editorial office, AJR, 2223 Avenida de la Playa, Suite 306, 
La Jolla, CA 92037. For manuscript submission, see Guidelines for Authors, next page. Undelivered or damaged copies replaced 
within 60 days of publication; 90 days for foreign subscribers. Allow 90 days for address changes. 

AJR AMERICAN JOURNAL OF ROENTGENOLOGY (ISSN 0361 803X) is published monthly by American Roentgen Ray Society, 
428 E. Preston Street, Baltimore, MD 21202. Annual dues include $50 for journal subscription. Second class postage paid at 
Baltimore, MD and at additional mailing offices. Postmaster send address changes (Form 3579) to Williams & Wikins, 428 East 
Preston St., Batimore, MD 21202. Subscription rates $75 ($100 foreign); institutions $95 ($120 foreign); in trairing $25; single 
copy $14 ($17). Japanese Yen price is available from our sole agent USACO Corporation, 13-12, Shimbashi 1-Chone, Minato-Ku, 
Tokyo 105, Japan, telephone 03-502-6471. Airmail rates furnished on request. Indexed by Current Contents and 'ndex Medicus. 
Copyright © 1936 by American Roentgen Ray Society. 0361-803X/86$2.00 


American Roentgen Ray Society: 
Officers, Committees, and Meeting Information 





Officers 


President: Eugene Gedgaudas 
President-elect: Jerome F. Wiot 

1st Vice-president: Lee F. Rogers 

2d Vice-president: Thomas C. Beneventano 
Secretary: Raymond A. Gagliardi 
Treasurer: Ronald G. Evens 


Executive Council: E. Gedgaudas, J. F. Wiot, L. F. Rogers, 
T. C. Beneventano, R. A. Gagliardi, R. G. Evens, M. M. Figley, 
R. N. Berk, F. L. Angell, J. E. Madewell, M. P. Capp, G. W. 
Hartman, B. G. Brogdon, G. A. Kling, H. C. Carlson, A. K. 
Poznanski, A. E. James, Jr., J. A. Kirkpatrick, Jr., R. H. 
Troupin, S. S. Siegelman, chairman 


Committees 1985-1986 


Editorial Policy: S. S. Sagel, W. J. Casarella, J. T. Ferrucci, J., 
N. C. Whitley, S. Hilton, A. J. Davidson, J. M. Taveras, M. M. Figley, 
R. N. Berk, M. P. Capp, chairman 


Education and Research: C. E. Putman, A. R. Margulis, J. R. 
Thornbury, R. A. McLeod, G. W. Hartman, ex officio, B. G. Brogdon, 
chairman 


Finance and Budget: B. P. Wood, L. R. James, J. A. Kirkpatrick, Jr., 
R. H. Troupin F. L. Angell, chairman 


Instruction Courses: R. A. McLeod, associate chairman, G. W. 
Hartman, chairman 


Program: H. C. Carlson, R. A. Gagliardi, R. H. Troupin, S. S. Siegel- 
man, M. P. Capp, J. E. Madewell, B. G. Brogdon, G. W. Hartman, 
G. A. Kling, A. V. Proto, C. E. Bickham, J. F. Wiot, chairman. 


Publications: W. J. Casarella, J. T. Ferrucci, Jr., S. S. Sagel, N. C. 
Whitley, M. P. Capp, chairman 


Scientific Exhibits: S. G. Kirchner, E. R. Heitzman, Jr., S. M. Gold- 
man, J. E. Madewell, chairman 


Nominating: J. P. Tampas, G. M. Stevens, J. A. Kirkpatrick, chairman 


Representatives to Other 
Organizations 


American Board of Radiology: E. C. Klatte, R. W. McConnell, L. F. 
Rogers 


American College of Radiology: J. L. Gwinn, G. A. Kling, G. W. 
Hartman, J. M. Dennis, E. J. Ferris 


American Medical Association House of Delegates: S. F. Ochsner, 
K. C. Krabbenhoft, alternate 


American National Standards Institute: M. Haskin 


National Council on Radiation Protection and Measurements: 
E. L. Saenger, H. L. Friedell 


Meetings, Membership, Business 
Information i 


Annual Meetings: April 13-18, 1986, Sheraton Washington 
(DC); April 26-May 2, 1987, Fontainebleau-Hilton, Miami 
Beach; May 1-6, 1988, Westin Bonaventure, Los Angeles 


Director Annual Meeting: George A. Kling, Harper Hospital, Detroit, 
MI 48201 


ARRS Memtership: Stanley S. Siegelman, Dept. of Radiology and 
Radiological Science, Johns Hopkins Hospital, 601 N. Broadway, 
Baltimore, MD 21205. The ARRS has two membership categories: 
active and in-training. For active membership, applicants must prac- 
tice radiology in the U.S. or Canada. Each must have graduated in 
good standing from an approved medical school ar hold an advanced 
degree in a physical, chemical, or biological science and be certified 
by the American Board of Radiology, the Royal College of Physicians 
and Surgeons of Canada, or otherwise adequately document training 
and credentials. A member-in-training must be in a radiology resi- 
dency, a postresidency fellowship program, or @ postgraduate stu- 
dent in an allied science. Status must be verified by the program 
director. For consideration during the 1986 ARRS meeting, completed 
applications must be received by Dr. Siegelman ro later than Feb. 1, 
1986. 

Business Office: George J. O'Hop, controller, American College of 
Radiology, 1891 Preston White Dr., Reston, VA 22091. 


January 1986 


GASTROINTESTINAL RADIOLOGY 


1 Multifocal abnormalities of the gastrointestinal tract in 
AIDS. Wall SD, Ominsky S, Altman DF, et al. 


7 Review. Abdominel CT in acquired immunodeficiency 
syndrome. Jeffrey RB Jr, Nyberg DA, Bottles K, et al. 


15 Velopharyngeal insufficiency on videofluoroscopy: 
comparison of projections. Stringer DA, Witzel MA 


21 Radiologic amyl ritrite test for distinguishing pseu- 
doachalasia from idiopathic achalasia. Dodds WJ, 
Stewart ET, Kishk SM, Kahrilas PJ, Hogan WJ 


The esophagus a*ter endoscopic pneumatic balloon 
dilatation for achalasia. Agha FP, Lee HH 


Serpiginous gastric erosions caused by aspirin and 
other nonsteroidal antiinflammatory drugs. Levine 
MS, Verstandig A, Laufer | 


The effect of barium suspension viscosity on the delin- 
eation of areae gastricae. Rubesin SE, Herlinger H 


25 


31 


35 


39 Radiologic manifestations of small-bowel toxicity due 
to floxuridine therapy. Kelvin FM, Gramm HF, Gluck 


WL, Lokich JJ 


Coiled-spring sign of the cecum in acute appendicitis. 
Demos TC, Flisak ME 


49 Floating gallstones in bile without added contrast ma- 
terial. Yeh HC, Goodman J, Rabinowitz JG 


45 


GENITOURINARY RADIOLOGY 


51 MRI of the kidneys in paroxysmal nocturnal hemoglo- 
binuria. Mulopulos GP, Turner DA, Schwartz MM, Mu- 
rakami ME, Clark JW 


Sonography of the hypertrophied column of Bertin. 
Lafortune M, Constantin A, Breton G, Vallee C 


Retroperitoneal fibrosis: use of CT in distinguishing 
among possible causes. Degesys GE, Dunnick NR, 
Silverman PM, Cohan RH, Illescas FF, Castagno A 


61 Retrograde ureteral catheterization via the ileal con- 
duit. App/baum YN, Diamond AB, Rappoport AS 


Diagnostic oncology case study. Clear cell sarcoma of 
the kidney: a renal tumor of childhood that metas- 
tasizes to bone. Sleight G, Lock MM, Kagan AR, 
Steckel RJ 


Radiologic-patholcegic correlation conference: SUNY 
Upstate Medical Center. Flank mass and hyperten- 
sion. Pollack H, Kenney PJ, McAfee JG, et al. 


53 


57 


64 


67 


THORACIC RADIOLOGY 


73 “Solid” mediastinal bronchogenic cyst: mineralogic 
analysis. Yernaui JC, Kuhn G, Dumortier P, Rocmans 
P, Ketelbant P, De Vuyst P i 


75 Measurement of normal left heart dimensions using 
optimally oriented MR images. Kaul S, Wismer GL, 
Brady TJ, et al. 


SKELETAL RADIOLOGY 


81 Critical evaluation of the radial head-capitellum view 
in elbow trauma. Page AC 


83 Trampoline fracture of the proximal tibia in children. 
Boyer RS, Jaffe RB, Nixon GW, Condon VR 


87 Negative bone scens of joints after aspiration or ar- 
thrography: experimental studies. Traughber PD, 
Manaster BJ, Murohy K, Alazraki NP 


PALEORADIOLOGY 


93 Modern imaging and endoscopic biopsy techniques in 
Egyptian mummies. Notman DNH, Tashjian J, Aufder- 
heide AC, et al. 


NEURORADIOLOGY 


97 Cranial computed tomography in the abused child with 
head injury. Cohen RA, Kaufman RA, Myers PA, Towbin 
RB 


103 Value of intravenous contrast enhancement in the CT 
evaluation of intraspinal tumors. Lapointe JS, Graeb 
DA, Nugent RA, Robertson WD 


109 Sonographic appearance of the torcular herophili. Se- 
gal SR, Rosenberg HK 


113 Cystic neuroblastoma in infants: radiographic and 
pathologic features. Atkinson GO Jr, Zaatari GS, Lor- 
enzo RL, Gay BB Jr, Garvin AJ 


BREAST IMAGING 


119 Magnetic resonance imaging in the diagnosis of breast 
disease. Dash N, Lupetin AR, Daffner RH, Deeb ZL, 
Sefczek RJ, Schapiro RL 


127 Male mammography. Dershaw DD 


133 Breast cancer metastasis to intramammary lymph 
nodes. Lindfors KK, Kopans DB, McCarthy KA, Koerner 
FC, Meyer JE 


ANGIOGRAPHY AND INTERVENTIONAL RADIOLOGY 


137 Hepatic artery thrombosis after liver transplantation: 
radiologic evaluation. Segel MC, Zajko AB, Bowen AD, 
et al. 


143 Angiographic and interventional radiologic considera- 
tions in liver transplantation. Cardelia JF, Castaneda- 


Zuniga WR, Hunter D, Young A, Amplatz K 


155 Abdominal pseudoaneurysm arising from a true aneu- 
rysm: presentation as a pulmonary mass. Shin MS, 


Ho KJ, Kirklin JW, Forman JM, Berland LL 


Complications of intraarterial urokinase-lys-plasmino- 
gen therapy in arterial ischemia of lower limbs. Fies- 
singer JN, Vitoux JF, Pernes JM, Roncato M, Aiach M, 
Gaux JC 


Suture anchor for visceral drainage. Cope C 


157 


160 


163 CT body stereotaxis: an aid for CT-guided biopsies. 


Onik G, Costello P, Cosman E, et al. 


Modification of the Cope drainage catheter to facilitate 
placement. Berman HL, Bakal CW, Katz SG 


169 


OTHER CONTENT 


171 Editorials. Changing of the guard. Berk RN; Radiology 
manpower: where are we? Riemenschneider PA 

Letters 

Abstracts 

ARRS 1986 meeting invitation 

ARRS scientific program 

ARRS section on instruction 

ARRS local activities 

ARRS registration forms 

ARRS meeting summary 

News 

Classified ads 

Editorial office address change 6, 108 

Book reviews 14, 20, 24, 30, 44, 80, 86 

Memorial 

Guidelines for authors 

S1 ARRS meeting packet (insert) 


174 
176 
181 
183 


+ 


February 1986 


PEDIATRIC RADIOLOGY 


211 “Horseshoe” lung: report of five new cases. Freedom 
RM, Burrows PE, Moes CAF 

217 Horseshoe lung: clinical, pathologic, and radiologic 
features and a new plain film finding. Frank JL, Poole 
CA, Rosas G 

“Communicating” bronchopulmonary foregut malfor- 
mations. Leithiser RE Jr, Capitanio MA, Macpherson 
RI, Wood BP 

Dimensions of the growing trachea related to age and 
gender. Griscom NT, Wohl MEB 

Microcolon of prematurity: a form of functional obstruc- 
tion. Amodio J, Berdon W, Abramson S, Stolar C 

The radiologic “lead band” revisited. Blickman JG, 
Wilkinson RH, Graef JW 

Sonographic recognition of idiopathic arterial calcifi- 
cation of infancy. Rosenbaum DM, Blumhagen JD 

Diagnostic oncology case study. Retroperitoneal mass 
with intradural extension: value of magnetic reso- 
nance imaging in neuroblastoma. Dietrich RB, Kan- 
garloo H, Kagan AR, Steckel RJ 

Indium-111 leukocyte scanning localization for detect- 
ing early myocarditis in Kawasaki disease. Wi/liam- 
son MR, Williamson SL, Seibert JJ 


227 


233 
239 
245 
249 


251 


255 


NEURORADIOLOGY 


257 Cavernous sinus invasion by pituitary adenomas. Ah- 
madi J, North CM, Segall HD, Zee CS, Weiss MH 

Computed tomographic demonstration of the posterior 
pituitary. Bonneville JF, Cattin F, Portha C, Cuenin E, 
Clere P, Bartholomot B 

Intracranial calcification in adults with chronic lead 
exposure. Reyes PF, Gonzalez CF, Zalewska MK, Be- 
sarab A 

Radiographic findings in 32 cases of primary CNS 
lymphoma. Jack CR Jr, Reese DF, Scheithauer BW 

Cervical spinal cord injuries in patients with cervical 
spondylosis. Regenbogen VS, Rogers LF, Atlas SW, 
Kim KS 


263 


267 


271 


277 


THORACIC RADIOLOGY 


285 The role of CT in staging radiographic T,;NoM> lung 
cancer. Heavey LR, Glazer GM, Gross BH, Francis IR, 
Orringer MB 

Low-attenuation thoracic metastases in testicular ma- 
lignancy. Yousem DM, Scatarige JC, Fishman EK, Sie- 
gelman SS 

Talc: understanding its manifestations in the chest. 
Feigin DS 

Chronic posttraumatic aneurysm of the thoracic aorta: 
surgically correctable occult threat. Heystraten FM, 
Rosenbusch G, Kingma LM, Lacquet LK 

Magnetic resonance imaging of thoracic aortic aneu- 
rysms: comparison with other imaging methods. 
Dinsmore RE, Liberthson RR, Wismer GL, et al. 

Magnetic resonance imaging of chronic myocardial 
infarcts in man. McNamara MT, Higgins CB 

Strangulated diaphragmatic hernia with pneumothorax 
due to colopleural fistula. Radin DR, Ray MJ, Halls JM 


291 


295 


303 


309 


315 
321 


ABDOMINAL RADIOLOGY 


323 Plasma electrolyte status after small-bowel enter- 
oclysis. Barloon TJ, Franken EA 

327 Oriental cholangiohepatitis: diagnostic imaging and 
interventional management. vanSonnenberg E, Ca- 
sola G, Cubberley DA, et al. 

333 Localization of **"Tc-HMDP in hepatic metastases from 
colonic carcinoma. Shih WJ, Domstad PA, Lieber A, 
DeLand FH, Coupal JJ 

337 Value of sonographic screening for gallstones in pa- 
tients with chest pain and normal coronary arteries. 
Fein AB, Rauch RF Il, Bowie JD, Pryor DB, Grufferman 
S 


341 Pancreatic sonography: enhancement by metoclo- 
pramide. duCret RP, Jackson VP, Rees C, Lowe R, 
Davison NE 

345 The anechoic crescent in abdominal aortic aneurysms: 

not a sign of dissection. King PS, Cooperberg PL, 


Madigan SM 

Incidental detection of impalpable testicular neoplasm 
by sonography. Stoll S, Goldfinger M, Rothberg R, 
Buckspan MB, Fernandes BJ, Bain J 

Incidental prostatic carcinoma detected by MRI and 
diagnosed by MRI/CT-guided biopsy. Herman SD, 
Friedman AC, Radecki PD, Caroline DF 


349 


351 


SKELETAL RADIOLOGY 


353 MRI in the detection of malignant infiltration of bone 
marrow. Daffner RH, Lupetin AR, Dash N, Deeb ZL, Sef- 
czek RJ, Schapiro RL 

Magnetic resonance imaging of arachnoid cysts de- 
stroying the sacrum. Sundaram M, Awwad EE 

CT arthrography of capsular structuresof the shoulder. 
Rafii M, Firooznia H, Golimbu C, Minkoff J, Bonamo J 


359 
361 


INTERVENTIONAL RADIOLOGY 


369 Percutaneous transluminal angioplasty of the lower 
abdominal aorta. Charlebois N, Saint-Georges G, Hu- 
don G 

Aortic rupture: a complication of transluminal angio- 
plasty. Berger T, Sorensen R, Konrad J 

Experimental enhancement of drug uptake using 
short-term flow occlusion: a comparison of balloon 
and tourniquet techniques. Woods DM, Wright KC, 
Carrasco CH, Wallace S 

A modified Cope introducing dilator to allow straight 
guide wire introduction. Vogelzang RL 

Removal of retained common bile duct stones with 
angiographic occlusion balloons. Meranze SG, Stein 
EJ, Burke DR, Hartz WH, McLean GK 


373 
375 


381 
383 


e 

GENERAL RADIOLOGY 
387 Pictorial essay. Markers for implanted devices: need 
for standardization. Scott WW Jr, Wheeler PS, Mitchell 
SE 

Rupture of echinococcal cysts: diagnosis, classifica- 
tion, and clinical implications. Lewa// DB, McCorkell 
SJ 

Radiological aspects of primary hyperoxaluria. Day DL, 
Scheinman JI, Mahan J 

MRI of extracranial hematomas: preliminary observa- 
tions. Unger EC, Glazer HS, Lee JKT, Ling D 

Solenoid surface coils in magnetic resonance imaging. 
Lufkin RB, Votruba J, Reicher M, Bassett L, Smith SD, 
Hanafee WN 

Computer page. Computer-generated examinations 
for residents in radiology. Crass JR 


391 


395 
403 
409 


413 


OTHER CONTENT 


415 Editorials. The impact of maternity on radiologists: the 
AAWR position and its acceptance by women. Adler 
YT, Fernbach SK, Hayman LA, Redman HC, Rumack C; 
Device identification: deficient marking systems. 
Wheeler PS; What radiologists say about PACS. Van- 
den Brink J 

Letters 

Abstracts 

News 

ARRS 1986 registration forms i 

Classified ads 

Book reviews 216, 232, 238, 248, 294 

Editorial office address change 302, 386 

Memorial 

Errata 

ARRS 1986 meeting summary 

Guidelines for authors 


; March 1986 


NEURORADIOLOGY 


443 Periventricular hyperintensity as seen by magnetic 
resonance: prevalence and significance. Zimmerman 
RD, Fleming CA, Lee BCP, Saint-Louis LA, Deck MDF 

CT of pineal region tumors. Ganti SR, Hilal SK, Stein 
BM, Silver AJ, Mawad M, Sane P 

Exophthalmos caused by excessive fat: CT volumetric 
analysis and differential diagnosis. Peyster RG, Gins- 
berg F, Silber JH, Adler LP 

incremental dynamic computed tomography: practical 
method of imaging the carotid bifurcation. Tress BM, 
Davis S, Lavain J, Kaye A, Hopper J 

Prevalence of “compressed” and asymmetric lateral 
ventricles in healthy fu l-term neonates: sonographic 
study. Winchester P, Grill PW, Cooper R, Krauss AN, 
Peterson HDC 


451 


459 


465 


471 


THORACIC RADIOLOGY 


477 CT in silicosis: correlation with plain films and pulmo- 
nary function tests. Bergin CJ, Muller NL, Vedal S, 
Chan-Yeung M 

485 The radiographic appearance of the Medtronic Hall 
valve prosthesis. Mamourian AC, Pae WE 

487 Impending catheter perforation of superior vena Cava: 
radiographic recognit on. Tocino IM, Watanabe A 

491 Circumflex retroesophageal right aortic arch simulat- 
ing mediastinal tumor or dissecting aneurysm. Shu- 
ford WH, Sybers RG, Gordon IJ, Baron MG, Carson GC 

497 Update: the radiographic features of pulmonary tuber- 


culosis. Woodring JH, Vandiviere HM, Fried AM, Dillon 
ML, Williams TD, Melvin IG 


GASTROINTESTINAL RADIOLCGY 


507 Early esophageal cancer. Levine MS, Dillon EC, Saul 
SH, Laufer | 

Radiologic manifestations of early gastric lymphoma. 
Sato T, Sakai Y, Ishiguro S, Furukawa H 

Radiographic appearance of the esophagus and stom- 
ach after laser treatment of obstructing carcinoma. 
Wolf EL, Frager J, Brandt LJ, Frager DH, Bernstein LH, 
Beneventano TC 

Sonographic detection of postsurgical recurrence of 
Crohn disease. DiCandio G, Mosca F, Campatelli A, 
Bianchini M, D'Elia F, Dellagiovampaola C 

Review. Intussusception in adults. Agha FP 

Regenerating nodules in cirrhosis: sonographic ap- 
pearance with anatomic correlation. Freeman MP, 
Vick CW, Taylor KJW, Carithers RL, Brewer WH 

Optimal cholangiographic technique for detecting bile 
duct stones. Thompson WM, Halvorsen RA, Foster WL, 
et al. 


513 


519 


523 


527 
533 


537 


GENITOURINARY RADIOLOGY 

543 Magnetic resonance imaging of the prostate. Bryan PJ, 
Butler HE, Nelson AD, et al. : 

549 Renal sonography ir American Burkitt lymphoma. 
Strauss S, Libson,E, Schwartz E, et al. 

553 Gastric diverticulum simulating an adrenal mass: CT 
appearance and embryogenesis. Schwartz AN, 
Goiney RC, Graney DO 


MUSCULOSKELETAL RADIOLOGY 


555 Pitfalls of rotator cuff sonography. Middleton WD, 
Reinus WR, Melson GL, Totty WG, Murphy WA 

561 Sonography of the postoperative rotator cuff. Crass JR, 
Craig EV, Feinberg SB 

565 MRI of normal and pathologic skeletal muscle. Murphy 
WA, Totty WG, Carroll JE 


575 Locking and unlocking of the knee: arthrographic dem- 
onstration. Salazar JE, Duke RA, Winer-Muram HT 


INTERVENTIONAL RADIOLOGY 


577 Percutaneous gastrostomy and gastroenterostomy: 1. 
Techniques derived from laboratory evaluation. 
vanSonnenberg E, Wittich GR, Brown LK, et al. 

Percutaneous gastrostomy and gastroenterostomy: 2. 
Clinical experience. vanSonnenberg E, Wittich GR, 
Cabrera OA, et al. 

Nonsurgical drainage of appendiceal abscesses. 
Nunez D Jr, Huber JS, Yrizarry JM, Mendez G, Russell 
E 

Replacing the broken suture in the Cope-style loop 
retention catheter. Berman HL, Katz SG, Bakal CW 

Radiopaque suspension of polyvinyl alcohol foam for 
embolization. Szwarc IA, Carrasco CH, Wallace S, 
Richli W 

Fatal outcome after ethanol renal ablation in child with 
end-stage kidneys. Gare/ L, Mareschal JL, Gagnadoux 
MF, Pariente D, Guilbert M, Sauvegrain J 

Pain control after percutaneous biliary drainage: local 
infiltration with bupivacaine and epinephrine. Lieber- 
man RP, Sleder PR 


581 


587 


590 


591 


593 


595 


VASCULAR RADIOLOGY 


597 Postoperative assessment of splenorenal shunts with 
MRI: preliminary investigation. Cohen JM, Weinreb 
JC, Redman HC 

Detection of the intimal flap of aortic dissection on 
unenhanced CT images. Demos TC, Posniak HV, 
Churchill RJ 

605 The in situ saphenous vein bypass graft: radiologic 

aspects. Schwarz W, Nozick J, Richmand D, et al. 


601 


PEDIATRIC RADIOLOGY 


609 Sonography of neck masses in children. Kraus R, Han 
BK, Babcock DS, Oestreich AE 

615 Normal renal growth in children with myelodysplasia. 
Gross GW, Thornburg AJ, Bellinger MF 

619 Noninvasive evaluation of neonatal aortic thrombosis 
secondary to umbilical artery catheterization. Fell- 
meth BD, Sandler MP, Thieme GA, Fleischer AC, Neblett 
WW 


NUCLEAR MEDICINE 


621 Uptake of '"In-labeled leukocytes by tumor. Fortner A, 
Datz FL, Taylor A Jr, Alazraki N 


AMERICAN ROENTGEN RAY SOCIETY 


627 Chest case of the day. Unger JM, Peters ME, Hinke ML 

631 Abdominal case of the day. Rao BK, Scanian KA, Hinke 
ML 

Musculoskeletal case of the day. Fisher DR, Hinke ML 

Neuroradiology case of the day. Houston LW, Hinke ML 


634 
637 


OTHER CONTENT 


639 Editorial. The presence of parents with their children 
during imaging procedures. Cohen MD, Wood BP, 
Hodgman CH 

Society for Pediatric Radiology 1986 program 

Letters 

Abstracts 

News 

Classified ads 

Book reviews 

Memorial 

Erratum 

ARRS 1986 meeting summary 

Guidelines for authors 


476, 484, 518, 532 


April 1986 


MAMMOGRAPHY 


661 Mammographic features of 300 consecutive nonpal- 
pable breast cancers. Sickles EA 


THORACIC RADIOLOGY 


665 Atypical carcinoid of the lung: radiographic features. 
Choplin RH, Kawamoto EH, Dyer RB, Geisinger KR, 
Mills SE, Pope TL 

669 Cine CT demonstration of nonfixed upper airway ob- 
struction. E// SR, Jolles H, Galvin JR 

679 MRI evaluation of mediastinal and thoracic inlet venous 
obstruction. Weinreb JC, Mootz A, Cohen JM 

ABDOMINAL RADIOLOGY 


685 CT of subpulmonic pleural effusions and atelectasis: 
criteria for differentiation from subphrenic fluid. Fed- 
erle MP, Mark AS, Guillaumin ES 

CT of gastrointestinal inflammation after bone marrow 
transplantation. Jones B, Fishman EK, Kramer SS, 
Siegelman SS, Saral R, Beschorner WE, Yeager AM, 
Lake AM, Yolken RH, Tutschka P, Santos GW 

Reassessing the role of radiology in Hemoccult 
screening. Feczko PJ, Halpert RD 

Preoperative and postoperative CT Staging of recto- 
sigmoid carcinoma. Thompson WM, Halvorsen RA, 
Foster WL Jr, Roberts L, Gibbons R 

Preoperative evaluation of abdominal aortic aneu- 
rysms by computed tomography. Papanicolaou N, 
Wittenberg J, Ferrucci JT Jr, Stauffer AE, Waltman AC, 
Simeone JF, Mueller PR, Brewster DC, Darling RC 

Sclerosing cholangitis associated with hepatic arterial 
FUDR chemotherapy: radiographic-histologic corre- 
lation. Shea WJ Jr, Demas BE, Goldberg, HI, Hohn DC, 
Ferrell LD, Kerlan RK 

Dynamic CT features of arterioportal shunts in hepa- 
tocellular carcinoma. /tai Y, Furui S, Ohtomo K, Kokubo 
T, Yamauchi T, Minami M, Yashiro N 

CT of hepatic masses: significance of prolonged and 
delayed enhancement. /tai Y, Ohtomo K, Kokubo T. 
Yamauchi T, Minami M, Yashiro N, Araki T 

“Congestion index” of the portal vein. Moriyasu F, 
Nishida O, Ban N, Nakamura T, Sakai M, Miyake T, 
Uchino H 

Pheochromocytoma: detection by unenhanced CT. Ra- 
din DR, Ralls PW, Boswell WD Jr, Colletti PM, Lapin SA, 
Halls JM 

CT evaluation of advanced seminoma treated with 
chemotherapy. Stomper PC, Jochelson MS, Friedman 
EL, Garnick MB, Richie JP 

SKELETAL RADIOLOGY 


749 MRI and CT evaluation of primary bone and soft-tissue 
tumors. Aisen AM, Martel W, Braunstein EM, McMillin 
KI, Phillips WA, Kling TF 


PEDIATRIC RADIOLOGY 


757 Mediastinal collateral arteries: important vessels in 
coarctation of the aorta. Kirks DR, Currarino G, Chen 
JTT 

763 Value of the peroral pneumocolon in children. Stringer 
DA, Sherman P, Liu P, Daneman A 

Fetal renal cystic disease: sonographic-pathologic 
correlation. Fong KW, Rahmani MR, Rose TH, Skidmore 
MB, Connor TP 

Renal sonography in the differentiation of upper from 
lower urinary tract infection. Dinkel E, Orth S, Dittrich 
M, Schulte-Wissermann H 

CT scanning in patients with opsomyoclonus: impor- 
tance of nonenhanced scan. Donaldson JS, Gilsanz 
V, Miller JH 

Embolization of an intraosseous arteriovenous malfor- 
mation. Nancarrow PA, Lock JE, Fellows KE 

Solitary ileal arteriovenous malformation: preoperative 
localization by coil embolization. Kandarpa K, Fellows 
KE, Eraklis A, Flores A 

Kinked catheters: radiographic appearance of func- 
tionally significant bends. Nancarrow PA, Edwards DK 


691 
697 
703 


711 


717 


723 
729 
735 
741 


745 


767 
TIS 
781 


785 
787 


789 


vi 


NEURORADIOLOGY 


793 CT myelographic findings in degenerative disorders of 
the cervical spine: clinical significance. Penning L, 
Wilmink JT, van Woerden HH, Knol E 

803 Hyperextension dislocation of the cervical spine. Ed- 

eiken-Monroe B, Wagner LK, Harris JH Jr 

Thoracic outlet syndrome: review and reference to 

stroke in a major league pitcher. Fields WS, Lemak 
NA, Ben-Menachem Y 

Time requirements for intraoperative neurosonogra- 

phy. Quencer RM, Montalvo BM 
Neurosarcoidosis responding to steroids. Reed LD, 
Abbas S, Markivee CR, Fletcher JW 

NUCLEAR MEDICINE 
823 Limitations of indium-111 leukocyte scanning in febrile 

renal transplant patients. Sebrechts C, Biberstein M, 
Klein JL, Witztum KF 

VASCULAR RADIOLOGY 
831 Selective coronary angiography using a power injec- 
tor. Gardiner GA, Meyerovitz MF, Boxt LM, Harrington 
DP, Taus RH, Kandarpa K, Ganz P, Selwyn AP 

Digital subtraction angiography: a comparison of 512? 
and 1024? imaging. Gomes AS, Papin PJ, Mankovich 
NJ, Lois JF 

DSA evaluation of surgically implantable infusaid pump 
catheter systems. Sanchez FW, Chuang VP, Murray 
DR, Bried J, Skolkin MD 

Crossed-leg technique for digital subtraction angiog- 
raphy. Gersten K, Pillari G, Greenspan B, Rosen E, 
Zito J 

Effect of anatomic variations on deep venous throm- 
bosis of the lower extremity. Liu GC, Ferris EJ, Reif- 
steck JR, Baker ME 


INTERVENTIONAL RADIOLOGY 


849 “Washout” technique for brachiocephalic angioplasty. 
Derauf BJ, Erickson DL, Castaneda-Zuniga WR, Car- 
della JF, Amplatz K 

853 Percutaneous transluminal angioplasty of ranal trans- 
plant arterial stenoses. Raynaud A, Bedrossian J, 
Remy P, Brisset J-M, Angel C-Y, Guax J-C 

859 Transluminal angioplasty of complete iliac obstruc- 
tions. Colapinto RF, Stronell RD, Johnston WK 

863 Percutaneous retrieval of an unusually large, non- 
opaque intravascular foreign body. Morse SS, Strauss 
EB, Hashim SW, Greenwood LH, Denny DF, Sniderman 
KW 

865 Gallstone dissolution with methyl-tert-butyl ether via 
percutaneous cholecystostomy: success and cave- 
ats. vanSonnenberg E, Hofmann AF, Neoptolemus J, 
Wittich GR, Princenthal RA, Willson SW 

869 Hollister disk and bag system for intractable pericath- 
eter leakage: method for controlling psychological 
and physical disability. Brock R, Mueller PR 


COMPUTER PAGE 


871 Microcomputer patient database management system 
for an MRI facility. Ho/shouser BA, Bradley WG Jr 
EDITORIALS 
875 How important is radiographic detection of diminutive 
polyps of the colon? Ott DJ, Gelfand DW, Wallace CW, 
Munitz HA, Chen YM 
879 New associate editors join journal staff. Berk RN 


OTHER CONTENT 


696 Erratum 

740 ARRS meeting summary 

748 Books received > 
830 Radiolojest. Sci-fi satire. Markivee CR 

881 Letters 

884 Abstracts 

889 News 

892 Classified ads 

Book reviews 
Guidelines for authors 


809 


815 


819 


835 


839 


843 


845 


678, 690, 716, 774 
A2 


, l May 1986 


SPR CAFFEY AWARD PAPER 


895 The metaphyseal lesion in abused infants: a radio- 
logic-histopathologic study. Kleinman PK, Marks SC, 
Blackbourne B 


MAGNETIC RESONANCE IMAGING 


907 Overview of MR of the heart— 1986. Higgins CB 

919 Estimation of pulmonary vascular resistance by MRI in 
patients with congenital cardiovascular shunt le- 
sions. Didier D, Higg.ns CB 

925 MRI of reperfused myocardial infarct in dogs. Tscho- 
lakoff D, Higgins CB, Sechtem U, Caputo G, Derugin N 

931 MRI of blood flow: correlation of image appearance 
with spin-echo phase shift and signal intensity. Va/k 
PE, Hale JD, Crooks LE, Kaufman L, Roos MS, Ortendahl 
DA, Higgins CB 

941 MRI of congenital abnormalities of the great arteries. 
Fletcher BD, Jacobstein MD 

949 Vascular imaging with MRI: inadequacy in Takayasu’s 
arteritis compared with angiography. Miller DL, Reinig 
JW, Volkman DJ 

955 MRI of Wilms’ tumor: promise as the primary imaging 
method. Belt TG, Cohen MD, Smith JA, Cory DA, 
McKenna S, Weetman R 

963 The diffusion of MRI: patterns of siting and ownership 
in an era of changing incentives. Hillman AL, Schwartz 
JS 

971 Chemical shift imaging: a review. Brateman L 


CARDIOTHORACIC RADIOLOGY 
981 Bronchopulmonary lavage in pulmonary alveolar pro- 
teinosis: chest raciograph observations. Gale ME, 
Karlinsky JB, Robins AG 
987 Thoracic aortic rupture: advantages of intraarterial dig- 
ital subtraction angiography. Mirvis SE, Pais SO, Gens 
DR 

























TROINTESTINAL RADIOLOGY 


Single-contrast vs double-contrast barium enema in 
the detection of colonic polyps. Ott DJ, Chen YM, 
elfand DW, Wu WC, Munitz HA 

rotrast-induced hepatosplenic neoplasia: CT iden- 
ation. Levy DW, Rindsberg S, Friedman AC, et al. 
cellular carcinoma presenting as primary extra- 
mass on CT. Longmaid HE Ill, Seltzer SE, 
P, Gordon P 

of diffuse benign liver disease: accuracy 
recognition and grading. Need/eman L, 
ifkin MD, Cooper HS, Pasto ME, Goldberg 


fat deposition: a possible pitfall in pan- 
graphy. Op den Orth JO 


omplex: in utero sonographic diag- 
cated fetal malformation. Patten 
Mack LA, Wilson D, Nyberg D, Hirsch 


INTERVENTIONAL RADIOLOGY 


1025 Long-term results of superficial femoral artery angio- 
plasty. Hewes RC, White Ri Jr, Murray AR, et al. 

1031 Angiographic treatment of gastrointestinal hemor- 
rhage: comparison of vasopressin infusion and em- 
bolization. Gomes AS, Lois JF, McCoy RD 

1038 Serial embolizations of an extremity arteriovenous 
malformation with alcohol via direct percutaneous 
puncture. Yakes WF, Pevsner P, Reed M, Donohue HJ, 
Ghaed N 

1041 CT features of intraabdominal abscesses: prediction 
of successful percutaneous drainage. Jaques P, 
Mauro M, Safrit H, Yankaskas B, Piggott B 

1047 Transrectal pelvic abscess drainage with sonographic 
guidance. Nosher JL, Needel! GS, Amorosa JK, Krasna 
IH 

1049 Timing of chest film follow-up after transthoracic 
needle aspiration. Per/mutt LM, Braun SD, Newman 
GE, Oke EJ, Dunnick NR 


NUCLEAR MEDICINE 


1051 Clinical value of blood pool radionuclide venography. 
Zorba J, Schier D, Posmituck G 


NEURORADIOLOGY 


1057 Neurologic complications in diabetics after metriza- 
mide lumbar myelography. Steiner E, Simon JH, Ek- 
holm SE, Erickson J, Kido DK, Okawara S-H 

1061 Sonographic characterization of carotid plaque: detec- 
tion of hemorrhage. Bluth El, Kay D, Merritt CRB, et 

al. 

1067 Peritrigonal echogenic “blush” on cranial sonography: 
pathologic correlates. DiPietro MA, Brody BA, Teele 
RL 


AMERICAN ROENTGEN RAY SOCIETY CASES OF THE DAY 


1073 Introduction. Hinke ML 

1074 Abdominal case of the day. Rao BK, Scanlan KA, Hinke 
ML 

1080 Chest case of the day. Unger JM, Peters ME, Hinke ML 

1087 Musculoskeletal case of the day. Fisher DR, Hinke ML 

1094 Neuroradiology case of the day. Houston LW, Hinke ML 


OTHER CONTENT 


962 Erratum 

1098 Letters 

1102 Abstracts 

1110 News 

1113 Classified ads 
Book reviews 
Editorial office address change 

A2 Guidelines for authors 


940, 970, 986, 1010, 1030, 1046 
906, 1016 


June 1986 


SPECIAL ARTICLE 
1115 MRI of the female pelvis: a review. Hricak H 


PULMONARY RADIOLOGY 


1123 MRI of Pulmonary airspace disease: experimental 
model and Preliminary clinical results. Moore EH, 
Webb WR, Muller N, Sollitto R 

1129 CT of adenoid cystic carcinoma of the trachea. Spi- 
zarny DL, Shepard JO, McLoud TC, Grillo HC, Dedrick 
CG 


1133 Elliptical cricoid cartilage: a unique type of congenital 
subglottic stenosis. Schlesinger AE, Tucker GF Jr 


BREAST RADIOLOGY 


1137 High-contrast mammography with a moving grid: as- 
sessment of clinical utility. Sickles EA, Weber WN 


GASTROINTESTINAL RADIOLOGY 


1141 MRI of-the Budd-Chiari syndrome. Stark DD, Hahn PF, 
Trey C, Clouse ME, Ferrucci JT Jr 
1149 Atypical radiographic findings in hepatic cavernous 
hemangioma: correlation with histologic features. 
Takayasu K, Moriyama N, Shima Y, Muramatsu Y, Ya- 
mada T, Makuuchi M, Yamasaki S, Hirohashi S 
1155 Staging rectal cancer by MR and CT. Butch RJ, Stark 
DD, Wittenberg J, Tepper JE, Saini S, Simeone JF, 
Mueller PR, Ferrucci JT Jr 
CT in the management of periappendiceal abscess. 
Barakos JA, Jeffrey RB Jr, Federle MP, Wing VW, Laing 
FC, Hightower DR 
1165 Malignant pleural effusion: a complication of transhe- 
patic biliary drainage. Anschuetz SL, Vogelzang RL 


GENITOURINARY RADIOLOGY 


1167 MRI of hemorrhagic renal cysts in polycystic kidney 
disease. Hilpert PL, Friedman AC, Radecki PD, Caroline 

DF, Fishman EK, Meziane MA, Mitchell DG, Kressel HY 

Hemorrhagic focal bacterial nephritis: findings on gray- 
scale sonography and CT. Rigsby CM, Rosenfield AT, 
Glickman MG, Hodson J 

Staging of bladder carcinoma: MRI-CT-surgical corre- 
lation. Amendola MA, Glazer GM, Grossman HB, Aisen 
AM, Francis IR 

Diagnostic oncology case Study. Residual masses 
after successful chemotherapy for testicular Carci- 
noma. Glowalla M, Kagan AR, Steckel RJ 

Transrectal sonography of benign and malignant pros- 
tatic lesions. Burks DD, Drolshagen LF, Fleischer AC, 
Liddell HT, McDougal WS, Karl EM, James AE Jr 


SKELETAL RADIOLOGY 


1192 Pictorial essay. CT scanning of the foot and ankle: 1. 
Normal anatomy. Solomon MA, Gilula LA, Oloff LM, 

Oloff J, Compton T 

1204 © Pictorial essay. CT scanning of the foot and ankle: 2. 
Clinical applications and review of the literature. 
Solomon MA, Gilula LA, Oloff LM, Oloff J 

1215 MRI of joint fluid in the normal and ischemic hip. 
Mitchell D, Rao V, Dalinka M, Spritzer CE, Gefter WB, 
Axel L, Steinberg M, Kressel HY 

1219 Hip changes in spastic cerebral palsy. Sauser DR, 
Hewes RC, Root L 


NEURORADIOLOGY 


1223 MRIof angiographically occult vascular malformations. 
Lemme-Plaghos L, Kucharczyk W, Brant-Zawadzki M, 
Uske A, Edwards M, Norman D, Newton TH 

1229 Cytomegalic inclusion virus encephalitis in patients 
with AIDS: CT, clinical, and pathologic correlation. 
Post MJD, Hensley GT, Moskowitz LB, Fischi M 

1235 Pituitary and adrenal CT of Cushing syndrome. Pojunas 
KW, Daniels DL, Williams AL, Thorsen MK; Haughton 
VM 


1161 


1173 


1179 


1184 


1187 


viii 


1239 Quantitative analysis of intracranial circulation using 
rapid-sequence DSA. Kwan ESK, Hall A, Enzmann DR 

1246 Radiologic-pathologic correlation conference: SUNY 
Upstate Medical Center. Germinal-cell tumor of the 
pineal gland. Naidich T, Cacayerin ED, Stewart WA, 
Kanzer M, Dalal PS, Graziano SL, Streeten DHP, iev- 
insohn EM, Markarian B 


PEDIATRIC RADIOLOGY 


1253 Renal calcium deposition in children: sonographic 
demonstration of the Anderson-Carr progression. 
Patriquin H, Robitaille P 


1257 Extracorporeal membrane oxygenation: radiographic 
appearance of the neonatal chest. Taylor GA, Short 
BL, Kriesmer P 

1261 Three-dimensional CT reformation in children. Altman 
NR, Altman DH, Wolfe SA, Morrison G 

1269 Atlantooccipital instability in Down syndrome. Rosen- 


baum DM, Blumhagen JD, King HA 
Neonatal aortoiliac compression caused by a dis- 


tended bladder. Kushner DC, Chin JK, Cleveland RH, 
Herman TE, Fugate JH 


1273 


FETAL RADIOLOGY 


1277 The sonographic evaluation of fetal anomalies in oli- 
gohydramnios between 16 and 30 weeks gestation. 
Sivit CJ, Hill MC, Larsen JW, Kent SG, Lande IM 

1283 Pseudoomphalocele: pitfall in fetal sonography. Sa/z- 
man L, Kuligowska E, Semine A 


VASCULAR RADIOLOGY 


1286 MRI of dissection of the aorta: recognition of the intimal 
tear and differential flow velocities. Dinsmore RE, 
Wedeen VJ, Miller SW, Rosen BR, Fifer M, Vlahakes GJ. 
Edelman RR, Brady TJ 

1289 CT evaluation of retroperitoneal hemorrhage assq 
ated with femoral artes ography. //lescas FF, r 
ME, McCann R, Cohan RH, Silverman PM, Ding 













CONTRAST MATERIAL 


1298 Acute thrombocytopenia induced by 
ographic contrast medium. Lacy 
KE, Farber LR, Glickman MG 

1300 Incompatibility of hexabrix and k 
Beshany SE, Shields JB 


COMPUTER PAGE 


1302 Personal computers: their use ir 
department. He: v RE 


COMMENTARY 
1307 Comparing costs and effica. 


OTHER CONTENT 


1311 Editorial. New assistant editor: 
1314 Meeting news. Society of MR i 
London: impressions and co; 
Pettersson H 
Letters 
Abstracts 
News 
Classified ads 
Index, volume 146 
Book reviews 
Memorials 
i Masthead and contents, volume 14 
A2 Guidelines for authors 


1316 
1319 
1325 
1327 
1329 





Protect your copies of 


AJR: AMERICAN 
JOURNAL OF 
ROENTGENOLOGY 


with Jesse Jones Binders or Files 


Keep your journals clean, orderly, and readily acces- 
sible with Jesse Jones Binders or Files. Two Binders 
or two boxgtyle Files are all you need to accommodate 
a full year’s worth of issues. Both Binders and Files 
are handsomely made with rich black leatherette 
covers and gold leaf embossed lettering. 


Jesse Jones Binders open flat for easy reading and 
reference and are economically priced at only $8.50 
each: 3 for $24.75, or 6 for $48.00 postpaid. The rugged, 
corapact box Files are only $6.95 each; 3 for $20.00, or 
6 for $36.00 postpaid. (When ordering outside the U.S., 
add $2.50 postage and handling for each case or 
binder.) 


Free gold transfer slips included for indexing volume 
aad year. 


Please allow four to five weeks for delivery. 


TO: Jesse Jones Industries 
P.O. Box 5120, DEPT. AJR 
Philadelphia, PA 19141 


I enclose my check or money order for $ 


Send me _© Files J Binders for my journals 








Name 





Address 





City/State/Zip 


Satisfaction guaranteed or your money refunded. 













The first truly comprehensive, 
multi-authored text dealing with 
current staging criteria, modern 
imaging strategies and decision 
tree diagrams... 






















Editors: 
David G. Bragg, MD, 

University of Utah School of Medicine 
Philip Rubin, MD, 

University of Rochester Cancer Center 
James E. Youker, MD, 
Medical College of Wisconsin 





ONCOLOGIC IMAGING serves as a guide to the 
appropriate selection and sequencing of the vast array < 
of imaging techniques currently available. Each 

chapter, written by an imaging expert for the particular 
organ site, describes tumor characteristics and tumor 
staging, develops imaging strategies, presents decision 
trees based on considerations. 9f cost, accuracy, and 
efficacy, and offers treatment choices once the tumor 
volume has been defined. 






ONCOLOGIC IMAGING features: 


e Chapters organized by anatomic location, with focus 
on the imaging strategy most suitable for each site. 

e Emphasis on strategy, decision-tree diagrams and 
multi-disciplinary treatment approaches. 

e 27 contributions by 32 world-renowned specialists. 

e Nuclear medicine, diagnostic radiology and magnetic 
resonance imaging. 

e Contains over 850 illustrations. 
















LIST OF CONTRIBUTORS: 


Anderson, Robert E. 
Armstrong, John D., II 
Balfe, Dennis M. 
Berland, Lincoln L. 
Bragg, David G. 
Carrasco, C. Humberto 
Castellino, Ronald A. 
Charnsangavej, Chusilp 
Chuang, Vincent P. 
Foley, W. Dennis 
Gillin, Michael T. 
Goldberg, Henry l. 
Grossman, Herman 
Heiken, Jay P. 
Hendee, William R. 
Kirks, Donald R. 


Kline, Robert W. | 
Koehler, P. Reuben 
Lawson, Thomas L. 
Lindell, Marvin M., Jr. 
Mancuso, Anthony A. 
McClennan, Bruce L. 
Milbrath, John R. 
Neumann, Christian H. 
Parker, Bruce R. 
Rubin, Philip 

Smith, Julius 
Thompson, William M. 
Wallace, Sidney 
Wong, Wilson S. 
Youker, James E. 
Zornoza, Jesus 














850 illustrations 
US$125.00 


November 1985 
ISBN 0 08 033653 1 


672pp. 
Hardcover 


To place your order, or for more information, 
please write to: 


2\ PERGAMON PRESS 


US: Maxwell House, Fairview Park, 
Elmsford, NY 10523 

UK: Headington Hill Hall, 

Oxford OX3 OBW, England 











AJR 6/86/KAC 







































































| 
g 
| | = ns = 
| I| INDEX TO ADVERTISERS 
| 9 | 
| > | 
` 
| RENEWING? | 
| ; 
| QUESTION? : 
: COM PLAI NT? | Adria Laboratoris.: ccrrssrdisasiasjai A19 
i 
| | Advanced Cardiovascular Systems ....... Ald 
| 
| ATTACH YOUR LABEL HERE aiou | | Eastman Kodak 00 A5 
i services to subscribers are faster when you | 
i CAIG TO SUROT ES! j E-Z-EM Company .... Cover 2, A10, All, A12, 
i ; A13 
i : 
{ ane r General Electric................... A20, A21 
| Address 
| i Konica Medical Corporation ............ A37 
City : 
i | Mallinckrodt, Inc. ............... A6, A7, A8 
i 
i MOVING? Piease give us 8 weeks’ notice. | Peryamon Progs 2c cos scaee tadou be beds A39 
i Attach your label above when you send us your 
new address. - POP a EIEEE TETEE ETETE A18 
l WRITE IN NEW ADDRESS 1|| Precise Optics/PME, Ine. 0.000000. A33 
l | 
Name Purdue Frederick Company .......... ”  A36 
i Address 
i | Pyne Corporation; ¢i.<<i0ceeeniwna us Cover 3 
| City State Zip f Siemens Corporation ........4+.5««: A16, A17 
| 
|) RENEWING? For uninterrupted service, fh SRS RR EEEE AA 
| include your label with this coupon. ' 
Tamom USA ca accacc du cvs cade udees sar A9 
| QUESTION OR COMPLAINT? | 
Call free: 1-800-638-6423; Maryland subscribers Tobias ASSOCIATES: 4 << 6466s cadence ouees A18 
i call 528-4105 collect. We can help you most j 
efficiently if the mailing label from your latest ; ; i 
issue is in front of you when you call, so that you | Toshiba Medical Systems .... .. ....A34, A35 
i can provide us with the journal code, volume, | ° l 
j issue, and your subscription number. If the University of Minnesota................ A22 
problem concerns your payment, please have | . 
| your cc arg ca n Aa lod rete aa | | Winthrop Laboratories ... A23, A24, A25, A26, 
| can solve the problem over the telephone. A27, A28, A29, A30, A31, A32 
i O Change of address O Payment enclosed | 
| O Renewal O Bill me later | 
i | 
Subscription Fulfillment Department i 
| Williams & Wilkins \ 
| 426 East Preston Street | | We try to present an accurate index. Occasionally this may ni 
| Baltimore, Maryland 24202 l be possible because of a last-minute change or an omission 
i | _ : _ 
| 


203 `, PAA 


Fiji's new HR Series of 
Orthoc 
featuring 


j ea the use of new silver halide formation 
technology and higher optimized amounts of 
spectral sensitizing dye, Fuji's new Sigma Grain 
Technology can reduce cross-over exposure and 
light scatter in the emulsion by more than 50%! 


CONVENTIONAL FILM HR FILM 


Light from Light from 
front screen front screen 


Light scatter in emulsion 


Light scatter 
greatly reduced 


in emulsion =. 


Grai 
Silver Halide 
| Emulsion 


Polyester 
Polyester y 
Base Base 


ie aN > Grain 
- z mr! <. w m Silver Halide 


Halide 
Emulsion A Emulsion 


Light from back screen also produces crossover Light from both tront and back screens is utilized 
exposure and light scatter in the emulsion. more efficiently, exposing their respective emulsions 


The very small (one micron mean diameter) 
X grains are systematically arranged in the 
amutleian with their larne haxaaonal faces oriented 


a zp = a ; i f Cass 
i ‘ » | E J] z 
i matic ri | ica =j? TU g te 
4 si eia Ei 
4 = : = eS eevee 
2 S$ ” p z z 
: ae ee SEA 
-M E i z i = ts 


203 


EEE 


toward the intensifying screen for maximum light 
absorption. The result is increased resolution and 
extremely fine grain with no loss of film speed. 


Prove it to yourself 

Simply put, the Fuji HR series of medical x-ray 
films provide the highest resolution images obtain- 
able today. Call your Pyne representative today 
toll free 1-800-431-1850 (In NY 914-834-4567) 


THE REASON FOR CHANGE 


PYNE CORPORATION 


20 North Avenue, Larchmont, NY 10538 








SPECIAL ARTICLE 
1115 MRI of the female pelvis: a review. Hricak H 


PULMONARY RADIOLOGY 


1123 MRI of pulmonary airspace isasi experimental 
model and preliminary clinical results. Moore EH, 
Webb WR, Muller N, Sollitto R 

1129 CT of adenoid cystic carcinoma of the trachea. Spi- 
zarny DL, Shepard JO, McLoud TC, Grillo HC, Dedrick 
CG 

1133 Elliptical cricoid cartilage: a unique type of congenital 
subglottic stenosis. Schlesinger AE, Tucker GF Jr 


BREAST RADIOLOGY 


1137 High-contrast mammography with a moving Sii as- 
sessment of clinical utility. Sickles EA, Weber WN 


GASTROINTESTINAL RADIOLOGY 


#41 ~ MRI of the Budd-Chiari syndrome. Stark DD, Hahn PF, 
¿è Trey C, Clouse ME, Ferrucci JT Jr 
1149 Atypical radiographic findings in hepatic cavernous 
hemangioma: correlation with histologic features. 
Takayasu K, Moriyama N, Shima Y, Muramatsu Y, Ya- 
' mada T, Makuuchi M, Yamasaki S, Hirohashi S 
1155 Staging rectal cancer by MR and CT. Butch RJ, Stark 
DD, Wittenberg J, Tepper JE, Saini S, Simeone JF, 
Mueller PR, Ferrucci JT Jr 
1161 CT in the management of periappendiceal abscess. 
Barakos JA, Jeffrey RB Jr, Federle MP, Wing VW, Laing 
FC, Hightower DR 
1165 Malignant pleural effusion: a complication of transhe- 
patic biliary drainage. Anschuetz SL, Vogelzang RL 


GENITOURINARY RADIOLOGY 
1167 MRI of hemorrhagic renal cysts in polycystic kidney 
disease. Hilpert PL, Friedman AC, Radecki PD, Caroline 
DF, Fishman EK, Meziane MA, Mitchell DG, Kressel HY 
1173 Hemorrhagic focal bacterial nephritis: findings on gray- 
scale sonography and CT. Rigsby CM, Rosenfield AT, 
Glickman MG, Hodson J 
1179 Staging of bladder carcinoma: MRI- -CT-surgical corre- 
lation. Amendola MA, Glazer GM, Grossman HB, Aisen 
AM, Francis IR 
1184 » Diagnostic. oncology case study. Residual masses 
: r successful chemotherapy for testicular carci- 
ma. Glowalla M, Kagan AR, Steckel RJ 
1 187° Transrectal sonography of benign and malignant pros- 
tatic lesions. Burks ND, Drolshagen LF, Fleischer AC, 
Liddell HT, McDougal WS, Karl EM, James AE Jr 


SKELETAL RADIOLOGY “he 

1192 Pictorial essay. CT scanning of the foot and ankle: 1. 
Normal anatomy. Solomon MA, Gilula LA, Oloff LM, 
Oloff J, Compton T 

1204 Pictorial essay. CT scanning of the foot and ankle: y A 
Clinical applications and review of the literature. 
Solomon MA, Gilula LA, Oloff LM, Oloff J 

1215 MRI of joint fluid in the normal and ischemic hip. 
Mitchell D, Rao V, Dalinka M, Spritzer CE, Gefter WB, 
Axel L, Steinberg M, Kressel HY 

1219 Hip changes in spastic cerebral palsy. Sauser DR, 
Hewes RC, Root L 


NEURORADIOLOGY 

1223 MRI of angiographically occult vascular malformations. 
Lemme-Plaghos L, Kucharczyk W, Brant-Zawadzki M, 
Uske A, Edwards M, Norman D, Newton TH 

1229 Cytomegalic inclusion virus encephalitis in patients 
with AIDS: CT, clinical, and pathologic correlation. 
Post MJD, Hensley GT, Moskowitz LB, FischiM — 


- 


# 


1235 Pituitary and adrenal CT of Cushing syndrome. Pojunas 


KW, Daniels DL, Williams AL, Thorsen MK, Haughton ` 


VM 

1239 Quantitative analysis of intracranial circulation using 
rapid-sequence DSA. Kwan ESK. Hall A, Enzmann DR 

1246 Radiologic-pathoiogic correlation conference: SUNY 
Upstate Medica! Center. Germinal-cell tumor of the 
pineal gland. Naidich T, Cacayorin ED, Stewart WA, 
Kanzer M, Dalal PS, Graziano SL, Streeten DHP, Lev- 
insohn EM, Markarian B 


PEDIATRIC RADIOLOGY 


1253 Renal calcium deposition in children: sonographic 


demonstration of the Anderson-Carr progression. 
Patriquin H, Robitaille P 


1257 Extracorporeal membrane oxygenation: radiographic a 


appearance of the neonatal chest. Taylor GA, Snor 
BL, Kriesmer P 
1261 Three-dimensional CT reformation in children. ‘Altman 
NR, Altman DH, Wolfe SA, Morrison G +”, - i 
1269 Atlantooccipital instability in Down syndrome. Roseh- 


S baum DM, Blumhagen JD, King HA `: SP , 
4873 Neonatal aortoiliac compression caused‘by a dis- 
tended bladder. Kushner DC, Chin JK, Cleveland 3H; 


Herman TE, Fugate JH >- af 


FETAL RADIOL OGY 


1277 The sonographic evaluation of fetal ahomaliesiisi igi- 
gohydramnios between 16 and 30 weeks gestation. 
Sivit CJ, Hill MC, Larsen JW, Kent SG, Lande IM 

1283 Pseudoomphalocele: pitfall in fetal sonography. Sa/z- 
man L, Kuligowska E, Semine A 


VASCULAR RADIOLOGY 


1286 MRI of dissection of the aorta: recognition of the intimal 
tear and differential flow velecities. Dinsmore RE, 
Wedeen VJ, Miller SW, Rosen BP, Fifer M, Vla akes GJ, 
Edelman RR, Brady TJ 

12 CT evaluation of retroperitoneal hemorrhage associ- 
ated with femoral arteriography. //iescas FF, Baker 
ME, McCann R, Cohan RH, Silverman PM, Dunnick NR 

1293 Caffey award. MR appearance of blood and blood 
products: ann- vitro study. Cohen MD, McGuire W, 
Cory DA, Smith JA \ 


CONTRAST MATERIAL | 


1298 Acute thrombocytopenia induced by pare 
ographic contrast medium. Lacy J, Babe 
KE, Farber LR, Glickman MG 

1300 incompatibility of hexabrix and papaveri 
Beshany SE, Shields JB 


COMPUTER PAGE 


1302 Personal computers: their use ima iow-volumei 
department. Henry RE 


COMMENTARY. 
1307 Comparing costs and efficacy of MRI. Bradley WG Jr 


OTHER CONTENT 


1311 Editorial. New assistant editors. Berk RN 
1314 Meeting news. ‘Society of MR in Medicine Meeting in 
London: impressions and comments. Andrew ER, 
Pettersson H 
1316 Letters 
1319 Abstracts 
1325 News 
1327 Classified ads 
1329 Index, volume 146 
Book reviews 
- Memorials 
_ i Masthead and contents, volume 146 
A2 Guidelines for authors 


1140, 1268, 1276, 1282, 1324 
1154, 1178 









4 5 


4% 
$, 

> ‘ š, 5 

à al U le 

aN ` 


